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The SEAFDEC Aquaculture Department is very pleased to publish this Report on the 
Promotion of Mangrove-Friendly Shrimp Aquaculture in Southeast Asia, which 
includes the Report on the Regional Seminar-Workshop on Mangrove-Friendly Shrimp 
Aquaculture convened in Bangkok, Thailand from 24 to 27 June 2003, and the Report 
on Phase I of the ASEAN-SEAFDEC FCG Collaborative Project on Mangrove-Friendly 
Shrimp Culture incorporating the outcomes of the various activities conducted under the Project from 
2000 to 2003.
In March 1999, the ASEAN-SEAFDEC Fisheries Consultative Group (FCG) approved the collaborative 
project on the Promotion of Mangrove-Friendly Aquaculture in Southeast Asia with AQD as Lead 
Department and Thailand as the Lead Country for the ASEAN. Upon the recommendation of the 
SEAFDEC Program Committee during its 22nd Meeting in October 1999, the program was revised to 
focus on the effects of shrimp culture on mangroves adopting four major approaches, namely verification 
and pilot demonstration, research, training and information dissemination. The Project is being funded 
through the Government of Japan’s Trust Fund.
At the start of the Project, verification and demonstration runs have been conducted in the Philippines, 
Thailand, Vietnam and Myanmar with remarkable success. Very recently, a verification and demonstration 
activity has been started in Cambodia and sooner a similar activity will be implemented in Malaysia.
The experiences in shrimp culture in Thailand and the Philippines served as basis for the technology 
verification and demonstration activities of the Project. These experiences were documented in the 
form of state-of-the-art manuals, one for the Philippine experience and the other one for Thailand. A 
consolidated Manual Best Management Practices for Mangrove-Friendly Shrimp Farming has been 
published recently to include the experiences in the verification and pilot demonstration sites together with 
the output of the research studies. It is our hope that this Manual be translated into the native languages 
of the participating countries, i.e., Malay (Bahasa Indonesia), Thai, Vietnamese, Filipino and Burmese, 
etc., for its optimum use by the shrimp farmers in the region.
Training sessions, on-site in Vietnam and Myanmar and formal sessions at AQD’s Tigbauan Main Station, 
Iloilo, Philippines have been conducted from 1999 to 2003. Practical sessions at AQD’s Dumangas 
Brackishwater, Iloilo, Philippines, and field trips to mangrove sites are major components of the training 
sessions.
Research activities were also conducted to refine certain aspects of the mangrove-friendly shrimp 
aquaculture technology. Research results have shown great potentials for the verification and adoption 
of the shrimp culture technology in the region. 
Information activities, a major part of the Project, have been intensified through the production of 
information materials in order to hasten the transfer of techniques developed through the Project. The 
Project’s www.mangroveweb.net, based at AQD’s Tigbauan Main Station has been maintained.
On behalf therefore of the Project, we wish to thank the Government of Japan especially its Fisheries Agency 
for the continued financial support that made the implementation of the Project possible. Special gratitude also 
goes to the participating countries for their cooperation and for providing the facilities and logistics especially 
for the Project’s pilot demonstration and verification activities. We are also thankful to the Member Countries 
of SEAFDEC especially the Government of Thailand, for their cooperation and for their inputs, especially 
the much needed technical expertise during the training sessions, workshops and seminars.
We also would wish to thank the Secretary-General of SEAFDEC, the Deputy Secretary-General who also 
serves as the Trust Fund Program Manager, and the SEAFDEC Secretariat staff for their assistance and support. 
We are also thankful to the officers and staff of the other SEAFDEC Departments, and also the AQD staff 
for their contributions to the success of the Project.
With our compliments!
ROLANDO R. PLATON
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Realizing the importance of shrimp industry to the region’s economy, the members of ASEAN-
SEAFDEC Fisheries Consultative Group (FCG) approved in March 1999 the implementation 
of the Collaborative Program on the Promotion of Mangrove-Friendly Aquaculture in Southeast 
Asia. The Program, which gives emphasis on shrimp culture, implements the Mangrove-Friendly 
Shrimp Culture Project with SEAFDEC Aquaculture Department (AQD) as Lead Department 
for SEAFDEC and Thailand as Lead Country for the ASEAN. The Project focused on the effects 
of shrimp culture on mangroves.
The Mangrove-Friendly Shrimp Culture Project, which was implemented starting in 2000, 
aims to develop sustainable culture technology packages on shrimp farming that are friendly to 
mangroves and the environment, and to disseminate such packages to the region through actual 
demonstration and training. In order to attain these objectives, verification and pilot demonstration 
activities have been conducted in six countries in the region to determine the viability of the 
culture techniques in these areas; research activities to further refine culture technologies have 
been carried out at AQD; training at AQD and on-site in member countries have also been 
conducted to hasten the transfer of the developed techniques; and documentation of improved 
practices have been published and disseminated to the countries in the region.
In order to assess the extent of implementation of the Project after two years, the Regional 
Seminar-Workshop on Mangrove-Friendly Shrimp Aquaculture was convened in Bangkok, 
Thailand from 24 to 27 June 2003. Specifically, the Seminar-Workshop aimed to: (1) assess 
the progress of activities of the Mangrove-Friendly Shrimp Culture Project; (2) assess the 
dissemination of technology developed through the Project; (3) review the policy issues relating 
to the use of mangroves for aquaculture in the region; (4) confirm the activities for the extension 
of the Project; and (5) initiate the development of the Regional Code of Practice for Aquaculture 
in Mangrove Areas.
The participants in the Regional Seminar-Workshop on Mangrove-Friendly Shrimp Aquaculture
in Bangkok, Thailand, 24-27 June 2003
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INTRODUCTION
Since 1998, AQD has already implemented a five-year program on Mangrove-Friendly 
Aquaculture addressing not only shrimps but also other aquaculture species such as grouper, 
mangrove red snapper, mud crab, etc. This was intended to investigate ways of harnessing 
degraded mangrove areas for aquaculture using environment-friendly approach, and to develop 
sustainable aquaculture in existing mangrove areas.
The progress of the program was however, overtaken by a series of events that led to a slight 
change of focus. During the First FCG Meeting in March 1999, the Program on the Promotion 
of Mangrove-Friendly Aquaculture in Southeast Asia was approved under the FCG collaborative 
mechanism to be funded through the Trust Fund of the Fisheries Agency of the Government 
of Japan. The ensuing Twenty-Second Meeting of the SEAFDEC Program Committee in 
November 1999 endorsed to the FCG a revised framework for the Program on the Promotion 
of Mangrove-Friendly Aquaculture in Southeast Asia giving more focus on shrimp culture. Thus, 
the Mangrove-Friendly Shrimp Culture Project, which evolved from the AQD’s program, was 
initiated in 2000 adopting four major approaches: verification and pilot demonstration, research, 
training and information dissemination through publications.
The experiences in shrimp culture in Thailand and the Philippines served as basis for the 
initial technology verification and demonstration activities of the Project. These experiences 
were documented in the form of state-of-the-art compilations on environment-friendly shrimp 
farming intended to serve as guide for shrimp growers in the region. These compilations were 
later updated and produced into a Manual describing environment-friendly shrimp culture 
method using two systems: low-discharge and closed recirculating. Using these two systems, 
verification and demonstration activities have been conducted in the Philippines, Thailand, 
Vietnam and Myanmar with remarkable success. The successful results obtained from the current 
verification and demonstration activities in the aforementioned countries have encouraged other 
countries to express their desire for similar verification runs. During the later part of 2003, a 
pilot demonstration activity was started in Cambodia. In addition, initial efforts were also made 
in November 2003 for the conduct of a similar demonstration activity in Malaysia.
THE SEMINAR WORKSHOP
The Regional Seminar-Workshop on Mangrove-Friendly Shrimp Aquaculture convened by 
AQD in Bangkok, Thailand from 24 to 27 June 2003 was attended by participants comprising 
representatives from the Project pilot demonstration sites and SEAFDEC Member Countries as 
well as representatives from the Asian Institute of Technology (AIT), the Food and Agriculture 
Organization of the United Nations/Regional Office for Asia and the Pacific (FAO/RAP), 
Japan International Research Center for Agriculture Sciences (JIRCAS), and the Network 
of Aquaculture Centres in Asia-Pacific (NACA). Officers from the SEAFDEC Secretariat in 
Bangkok, Thailand and from AQD in Tigbauan, Iloilo, Philippines also attended the Seminar-
Workshop.
The progress on the pilot demonstration and verification activities conducted in the Philippines, 
Thailand, Vietnam and Myanmar were reported while results from the two research activities 
were presented. The output of the training and information dissemination activities was also 
reported. In addition,  representatives from the Member Countries presented their views on 
possible activities to be undertaken in their respective countries with respect to the Mangrove-
Friendly Shrimp Culture Project. The representative from the Government of Japan presented 
a model defining the possible ways of quantifying the output of the mangrove-friendly shrimp 
aquaculture.
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Left to right: AQD Chief and Chairman of the Seminar-Workshop, Rolando R. Platon (left) with SEAFDEC 
Secretary-General, Niwes Runagpanit (middle) and Deputy Secretary-General, Junichiro Okamoto (right) 
at the Opening of the Seminar-Workshop. Below: The participants in the Seminar-Workshop
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Moreover, two equally important issues were also discussed during the Seminar-Workshop. First 
was the issue on the transboundary movement of exotic shrimp species, an issue considered 
significant because of the widespread occurrence of certain viral diseases believed to be caused 
by the importation of non-indigenous shrimp species into the region. Secondly, the Seminar-
Workshop also discussed the development of the Regional Code of Practice for Aquaculture in 
Mangrove Areas, as stipulated in Article 9.1.3 (4) of the Regional Guidelines for Responsible 
Fisheries in Southeast Asia: Responsible Aquaculture, which was adopted in 2001. Specifically, 
Article 9.1.3 (4) of the Regional Guidelines states that: “Given the importance of mangroves, 
States and regional institutions should prepare regional guidelines for the responsible use of 
mangroves for aquaculture. States should ensure coordination among departments, agencies, and 
other units that have jurisdiction and stake in mangroves.” During the July 2001 Government 
Consultation which adopted the Regional Guidelines, it was suggested that the preparation 
of the Regional Code be initiated through the Mangrove-Friendly Shrimp Culture Project 
implemented by AQD.
PROGRESS OF ACTIVITIES
Four activities are being implemented under Phase I of the Mangrove-Friendly Shrimp Culture 
Project: pilot demonstration and verification, research, information dissemination, and training. 
The progress of the activities of the Project’s Phase I, which were presented during the Regional 
Seminar-Workshop, are included in this publication.
Pilot Demonstration and Verification
Pilot demonstration and verification activities have been conducted in four Member Countries of 
the ASEAN-SEAFDEC. The verification and refinement of intensive shrimp culture techniques 
are being conducted in the Philippines and Thailand while the verification of semi-intensive 
shrimp culture techniques is being done in Vietnam and Myanmar. Initial activities have been 
started in Cambodia and Malaysia.
Verification and refinement of intensive shrimp culture techniques (Philippines)
In the Philippines, the verification and refinement of intensive shrimp culture techniques are 
done at AQD’s Dumangas Brackishwater Station; the Bureau of Fisheries and Aquatic Resources 
(BFAR) Demonstration and Training Centers in Batangas (Luzon), Bohol (Visayas) and Lanao del 
Norte (Mindanao); and in ponds of the private sector. The activity has verified and demonstrated 
the low/partial discharge and closed-recirculating systems for environment-friendly shrimp 
farming in different climatic and environmental conditions.
In the low/partial discharge system, a small amount of water is discharged from the grow-out 
pond and is released to the sea after passing through the settling pond. Water for the culture pond 
is pumped only once, from the head reservoir to the grow-out pond. For the closed recirculating 
system, effluent water from the grow-out pond is reused or recycled after these are passed through 
the settling pond. Water is fully recirculated by pumping it twice, first from the head reservoir to 
the grow-out pond, and the second from the settling pond to the grow-out pond.
From the economic standpoint, the environment-friendly schemes verified in Philippine sites 
are capable of achieving high productivity (net profit/hectare) and return of investment (ROI). 
The average net profit/hectare from the Philippine sites was recorded to be highest for 5-25 
pc/m2 stocking density. The net profit/hectare for 25 pc/m2 stocking was about P1.8 M while 
for 15 pc/m2 it was about P1.1 M. For 40 pc/m2 stocking the average was P0.6 M/ha and for 5 
pc/m2 it was about P0.57 M/ha. The high net profit resulted from the quality and uniform sized 
shrimps harvested with survival of more than 95%.
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In 2003, the increased involvement of BFAR through the use of their Demonstration and Training 
Centers as well as that of the private sector and financing institutions has become very apparent 
especially in the on-the-job training at the AQD site and skills development in other sites in the 
Philippines. The number of private sector offering their ponds for the activity and the participants 
in the training sessions at the various sites have increased tremendously over the last six months 
of 2003. The interest of more farmers served as evidence on the need to continue the pilot 
demonstration on commercial scale and the conduct of more training activities.
In order to provide a quantified assessment of the developed technologies, a study on total 
economic benefits of mangrove-friendly shrimp culture will be implemented starting in early 
2004.
Verification and refinement of intensive shrimp culture technique (Thailand)
Only three verification activities were implemented in Songkhla, Phuket, and Kung Krabaen 
Bay as of 2003, after the activity in Chachaengsao was phased out in 2001. The Integrated 
Physical and Biological Technologies for Water Recycling in Shrimp Farms, conducted at 
the Coastal Aquaculture Research Institute in Songkhla, provided an application to make shrimp 
farming practices meet the standard of environment-friendly. The Code of Conduct formulated 
by Thailand, which is used in demonstrating the production of Thai Quality Shrimp, was based 
on the experiences and outcome of this activity. The said Code of Conduct promotes the proper 
management of farm effluents to minimize environmental impacts.
The first part of the activity on Integrated Physical and Biological Technologies for Water 
Recycling, evaluated the efficiency of aquatic organisms used as biological treatment on water 
quality improvement, i.e., oysters, mussels and seaweeds. However, the results indicated that 
the biological treatment has some limitations for the water quality requirements.
Bivalves could improve the effluent water’s suspended matter especially particulate organic 
matter but the fecal matter produced by the bivalves accumulate and once decomposed could 
also deteriorate the water quality. Seaweeds have the potential ability to absorb dissolved 
nutrients but both organisms have low efficiency on the transformation of decomposed organic 
matter. Thus, an integration of bivalves, trickling filter and seaweeds is now being verified in the 
recirculation facility for shrimp farm effluent treatment. This is being conducted as the second 
part of the activity at the Songkhla project site.
The activity in Phuket, conducted at the Phuket Coastal Fisheries Research and Development 
Center, was intended to measure the effluents from shrimp farming on mangrove and 
coastal resources in order that shrimp culture meets the requirements for responsible coastal and 
mangrove-friendly systems. In this activity, water from shrimp farms especially in the discharge 
canals and sedimentation ponds underwent biological treatment using seaweeds, oysters and 
mussels. Water samples from these areas were collected and analyzed every month. Although 
the activity is still ongoing, the Department of Fisheries of Thailand has opted to demonstrate 
the system on a bigger scale in another site preferably in Surat Thani.
Four sub-activities are conducted at the Kung Krabaen Bay Fisheries Development Study Center, 
Chantaburi in relation to its studies on the Seawater Irrigation System for Intensive Shrimp 
Farming. The Seawater Irrigation System was established in Kung Krabaen Bay as a Royal 
Project of the Thai Government, in order to ensure good water quality for shrimp culture. The 
facility also serves as means to ensure the proper release of water from shrimp ponds to the 
sea. The facility now serves as a showcase of sustainable shrimp farming not only for local but 
also for foreign visitors as well.
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In the impact assessment of intensive shrimp farming under the seawater irrigation facility 
on sediment and water quality of Kung Krabaen Bay, results indicated that the nutrients of the 
effluents from shrimp farms around Kung Krabaen Bay using the irrigation facility, have limited 
impact on the water of the Bay. Small amount of sediments have accumulated only in the inner 
part of the Bay such as canals and shoreline than at the outer area or middle part of the Bay. The 
water quality parameters were found within acceptable standards for coastal aquaculture.
For the variation of sediment and water qualities in intensive marine farm drainage canals, 
results showed that the thickness of settled sediments was higher in 2002, 2001 compared to 
2000. Hydrogen sulfide was also recorded in high amount. From the data, it was concluded that 
every 2-3 years, water treatment canals and drainage canals should be managed, i.e., renovation 
or re-excavation of the bottom soil surface of the canals.
On the possibility of using mangrove forest as a wetland treatment unit for shrimp farm 
effluents, results have indicated that the effluents had some effects on the mangrove trees. 
Some mangrove trees benefited from the effluents while others did not. For the treatment on 
low nutrient wastes from shrimp farms, four mangrove species were used: Ceriops tagal, 
Rhizophora apiculata, Avicennia alba and Bruguiera gymnorrhiza. Results showed that 
Bruguiera gymnorrhiza had the highest efficiency on water treatment. On the treatment on high 
nutrient waste, Avicennia alba had the highest efficiency. Thus, Avicennia alba and Bruguiera 
gymnorrhiza gave the best performance among the four common mangrove species used in the 
experiment. The results also confirmed that mangroves require low nutrients from the soil as 
the plants are able to get CO
2
 from the air.
For the study on the variation of mangrove forests in Kung Krabaen Bay, results indicated 
the same number of natural mangrove trees around the Bay as in the previous years and the 
trees are all in good condition. This implies that wastewater from shrimp farms around the Bay 
using the irrigation facility, had no negative effect on the natural mangrove area.
With the results of these activities, the project would continue to promote awareness building on 
the part of farmers and the private sector (Thai nationals and foreign technicians) on the role of 
seawater irrigation facility system in intensive shrimp farming. Although the management of a 
seawater irrigation facility is complicated as it involves many factors, understanding the whole 
system should be promoted in order that its operation is sustainable making shrimp aquaculture 
responsible especially with regards to the fate of the environment and the conservation of 
mangroves.
Verification of semi-intensive shrimp culture techniques (Vietnam)
The activity, conducted in Phulong Commune, Cat Hai District, Hai Phong, aims to develop a 
model for semi-intensive culture with a production of at least 1500 kg/ha/crop; and to demonstrate 
the culture system that can effectively increase production. While before Vietnam destroyed 
vast mangrove areas for shrimp culture, the average production was only 300 kg/ha/crop. Now 
with mangrove-friendly system, production increased by more than fourfold i.e., 1300-1720 
kg/ha/crop, a first in the history of Vietnam’s shrimp aquaculture. With these developments, 
the site has served as a venue for training of shrimp farmers not only from Cat Hai District but 
also from neighboring Districts. The activity in Vietnam has been sustained in order to develop 
a culture model taking into consideration target species and technology that can effectively 
increase production using improved extensive shrimp culture system. Other areas in Vietnam 
have also been considered for another possible site of the demonstration activity. This new 
site will be confirmed during a site visit of the coastal areas of Vietnam, after which an on-site 
training may be conducted in the other coastal areas of Vietnam.
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Left photo: With Pedro Bueno of NACA (left), Dan Baliao of AQD Philippines (second from left) explains the 
benefits of low discharge shrimp farming system. Middle photo: Wichen Sakaras, Director of Marine Shrimp 
Culture Research Institute (Thailand) giving an overview of the Project activities in Thailand. Right photo: Chanin 
Sungrangruang of Kung Krabaen Bay Royal Development Study Center (Thailand) reporting on the progress of 
the activity in Kung Krabaen.
Left photo (left to right): Project proponents, Putth Songsangjinda of the Coastal Aquaculture Research Institute, 
Songkhla (Thailand), Siri Tookwinas of the Royal Initiated Projects and Royal Fisheries Development Projects 
(Thailand), and Somsak Chullasorn, National Coordinator for Thailand. Middle photo (left to right): Project 
proponents, Sanchai Tandavanitj of the Phuket Coastal Fisheries Research and Development Center (Thailand), 
and Chanin Sungrangruang of Kung Krabaen Bay Royal Development Study Center. Right photo: Le Xan from 
Vietnam presenting the progress of the Project activity in Phulong Island, Cat Hai District, Hai Phong, Vietnam.
Right photo: Minn Thame (right) of the Department of Fisheries, Myanmar 
presenting the results of the pilot demonstration and verification activity 
in Myanmar with Tin Win (left), also of the Department of Fisheries, 
Myanmar.
Photo below: The Seminar-Workshop participants assessing the progress 
of activities of the Project and considering the respective country’s views 
on the activities that need to be implemented in their countries under 
the Project’s pilot demonstration and verification activity. Countries 
not requiring pilot demonstration activity have specified to avail of the 
technical expertise instead, through the Project.
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Verification of semi-intensive shrimp culture techniques (Myanmar)
The activity is conducted at the shrimp culture zone in Kyauktan, Yangon Division, with the 
aim of promoting the most appropriate culture system that could avoid the occurrence of viruses 
and diseases in shrimps, e.g., the white spot syndrome virus. Results from the Project’s series of 
runs in 2001 and 2002 have indicated an average production of 5000-8000 kg/ha/crop. This is 
considering that from the 1980s to the 1990s, Myanmar has progressed from “Trap and Hold” 
to semi-intensive and intensive shrimp farming. But with intensification came diseases and 
mass mortality. The mangrove-friendly system, which Myanmar implemented starting in 2001 
enabled the country to attain high production amidst devastation in neighboring farms within 
Yangon Division due to the white spot syndrome virus. Since the site in Kyauktan serves as a 
showcase for environment-friendly shrimp aquaculture, it has been identified as a venue for 
training of farmers and representatives from shrimp companies throughout the country.
After a site visit of the Rakhine State in mid-2003, it was recommended that the pilot 
demonstration of mangrove-friendly shrimp culture be conducted also in the coastal areas of 
Rakhine, considering that it has potentials for adopting the system. This may be considered as 
a new demonstration site for the Project starting in early 2004.
Research
Research activities were conducted to further refine environment-friendly shrimp culture 
techniques known to be successful. One study Nutrient Cycles: nutrient dynamics in culture 
ponds aimed to re-evaluate SEAFDEC formulated diet for shrimp and the nutrient dynamics, 
environmental impacts and waste inputs resulting from the integrated closed-recirculating 
intensive shrimp farming. The other study Capacity of Mangroves to Absorb Nutrients: 
mechanics of nutrient assimilation showed that mangroves can remove significant levels 
of nitrogen and solid wastes from shrimp pond effluents. Research results have shown great 
potentials for the further refinement of the shrimp culture technology in the region. Moreover, 
since the research activities have produced encouraging results, these would be scaled-up to 
verify their effectiveness and verified under different conditions.
Nutrient Cycles
Conducted at AQD’s Dumangas Brackishwater Station in Iloilo, Philippines, the activity studied 
the nutrient dynamics, environmental impacts and waste inputs resulting from an integrated 
closed recirculating intensive farming system. In the field studies, shrimp pond effluents were 
processed in closed-recirculating constructed in modular form with biological treatment for 
nutrient removal keeping the water “clean.” A quantitative estimate of the physical and biological 
processes of nutrients from shrimp ponds vs. treatment ponds was established by comparing 
the quality of the water discharged. Thus, with simple biological treatments (use of tilapia, 
seaweeds and oysters), luminous bacteria have been reduced from 7.5x102 cfu/ml in the water 
and 1.0x101 cfu/g in the sediments, to zero. Total nitrogen and total phosphorus concentrations 
in the culture water also decreased from 33% to 9%. The study also found out that the amount 
of nutrients discharged was in tolerable amount. However, a missing step should be performed 
in order that the excess nutrients could be completely mineralized into available form for further 
utilization. Thus a study on the use of waste digester to progress mineralization or bioremediation 
and probiotics for bioaugmentation and control of luminous bacteria is still necessary. This is 
the priority work for the extension of this research activity.
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Capacity of Mangroves to Absorb Nutrients
This activity generally aims to assess the capacity of mangrove forests to process aquaculture 
pond effluents including microbial impacts. In this study, the performance of constructed 
mangrove wetlands (CMW) and natural and impounded mangrove wetland (IMW) in treating 
aquaculture waste was evaluated. Results of the study provided evidence that mangroves can 
remove significant levels of nitrogen and solid wastes from shrimp pond effluents. It gives a 
first-order estimate of 2.2 to 4.4 ha of mangrove area required to process wastes from 1.0 ha 
of semi-intensive or intensive shrimp ponds. The results also confirmed the efficacy of fish as 
biomanipulators in a green water system to control potentially pathogenic luminous bacteria in 
shrimp culture, and holding of shrimp effluents for 6 h or more in the mangrove areas reduced 
the level of luminous bacteria before discharge. Microcosm study will be conducted in situ, 
primarily to determine N and P removal through sediment and microbial, epiphytic, plankton and 
mangrove uptake within the semidiurnal tidal period. Laboratory studies will also be conducted 
in replicates using fresh mangrove soil blocks and mangrove seedlings to evaluate soil nutrient 
dynamics and plant nutrient assimilation. This will complement studies being conducted in 
Thailand that examines mangrove wetland ponds with different species of mangroves for 
treatment of shrimp farm effluents.
Training
Three formal sessions were conducted at AQD’s Tigbauan Main Station in September 2001, 
August 2002, and October 2003 with practical works at AQD’s Dumangas Brackishwater Station 
for each session. On-Site Training Session on Mangrove-Friendly Aquaculture was conducted 
in Myanmar in November 2001 following the format of the on-site training in Vietnam in 1999. 
The main objective of the training activity is to provide the participants with basic understanding 
of the mangrove ecosystem and technical knowledge and skills on shrimp culture so that they 
can grow shrimp in a sustainable and mangrove-friendly manner.
The 2001 training at AQD was conducted from 16 September to 6 October 2001 with 9 
participants from Brunei Darussalam, Cambodia, Indonesia, Malaysia, Myanmar, the Philippines, 
Singapore, Thailand and Vietnam. The second session also at AQD was held from 7 July to 27 
August 2002 with ten participants, one each from Brunei Darussalam, Cambodia, Indonesia, 
Malaysia, Myanmar, Thailand, and Vietnam and three participants from the Philippines. The 
third session was conducted from 23 October to 11 November 2003 with nine participants 
from Brunei Darussalam, Cambodia, Indonesia, Malaysia, Myanmar, Philippines, Thailand, 
and Vietnam. The first on-site training was conducted in Hai Phong, Vietnam from 19 to 30 
April 1999, where the Project sponsored the participation of 20 technicians and extension 
workers from the Ministry of Fisheries of Vietnam, while the ASEAN-Canada Fund supported 
the participation of five technicians from the Department of Fisheries of Cambodia. The on-site 
training in Myanmar was conducted from 27 November to 7 December 2001 with more than 
40 Myanmar nationals as participants.
Information
Production of State-of-the-Art Technologies Compilation served as the protocol in verifying 
and demonstrating the technologies, and as models to standardize the verification and 
pilot demonstration activities. Closed Recirculating Shrimp Farming System, a 27-page 
documentation was based on successful intensive shrimp operations of Thailand conducted by 
its Marine Shrimp Research and Development Institute.
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Environment-Friendly Schemes in Intensive Shrimp Farming is a 24-page documentation of 
the low-discharge system of shrimp culture technique refined at AQD’s Dumangas Brackishwater 
Station in Iloilo, Philippines.
A consolidated Manual Best Management Practices for Mangrove-Friendly Shrimp Farming, 
based on results of the pilot demonstration activities in Thailand, the Philippines, Myanmar 
and Vietnam, has been published for translation into five major languages in the region such 
as Malay (Bahasa Indonesia), Thai, Burmese, Filipino, and Vietnamese. Information on 
mangrove-friendly aquaculture has been uploaded in the independent Mangrove Website http:
//www.mangroveweb.net
Left photo: AQD’s Nelson Golez (left) and Teresa de Castro-Mallare (right) discussing the results of the study on 
nutrient cycles. Middle photo: AQD’s Jurgenne Primavera (right), Aurelio de los Reyes (second from right) and 
Gilda Lio-Po (third from right) presenting the results of study on the capacity of mangroves to absorb nutrients. 
Right photo: AQD’s Pastor Torres, Jr. (right) presenting the output of the Project’s training and information 
activities and Celia Pitogo (second from right) presenting a paper on transboundary movements of shrimp species. 
Also in photo is Fish Disease Expert assigned at AQD, Dr. Kasuya Nagasawa (third from right)
Left photo: Participants from Brunei Darussalam, Sheik Al-Idrus (left); Cambodia, Srun Lim Song (second from 
left); and Indonesia, Anto Sunaryanto (right). Right photo: Participants from Thailand: Wichen Sakaras (right), 
Somsak Chullasorn (second from right), Siri Tookwinas (third from right) and Putth Songsangjinda (fourth from 
right)
Left photo: AQD’s Wilfredo Yap (right) and Virgilia Sulit (left) documenting the proceedings of the Seminar-







of the facilities 








Photos below: The trainees during opening/closing ceremonies, field trip and study tour, and practical sessions
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On-site training sessions in Vietnam 
(above left) and Myanmar (below)
Information dissemination materials (photos below)
Posters (below) presented during the World Aquaculture Society-Asia Pacific Chapter Special Session on 
Mangrove-Friendly Shrimp Aquaculture in the Region in Bangkok, Thailand, 23 September 2003
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OTHER ACTIVITIES RELEVANT TO ENVIRONMENT-FRIENDLY 
AQUACULTURE
Activities related to environment-friendly aquaculture implemented by various regional 
organizations were also presented during the Regional Seminar-Workshop. These included 
a report on transboundary movement of exotic shrimp species in the ASEAN region and 
activities implemented by JIRCAS, NACA, FAO/RAP, followed by a JIRCAS activity on 
the culture of Macrobrachium rosenbergii in Vietnam.
VIEWS OF MEMBER COUNTRIES ON POSSIBLE ACTIVITIES TO BE 
UNDERTAKEN IN RESPECTIVE COUNTRIES UNDER THE PROJECT
Representatives from the SEAFDEC Member Countries presented their views on possible 
projects to be carried out under the Mangrove-Friendly Shrimp Culture Project in their 
respective countries:
COUNTRY     ISSUES, EXISTING & PROPOSED ACTIVITIES
Indonesia                     Empowerment of local communities and creating awareness on 
mangrove conservation
                                    Provision of infrastructures to increase income of fisherfolk (e.g., canals, 
buildings for handling space)
                                    Environment-friendly aquaculture (since 1994) also known as 
silvofishery (involves 12 provinces, total funding in 2003 US$1 
million, culture of milkfish, shrimps, etc.): how to develop ponds 
inside mangroves; how to plant mangroves around ponds 
Thailand                      Reforestation and rehabilitation of mangroves (e.g., in Surat Thani, 
shrimp farmer groups provide funds to local schools to grow mangroves 
in shrimp farms to supplement natural mangrove growth
                                    In Panga Bay, project on rehabilitation of mangroves involves local 
schools producing the mangrove seeds and sold to the Government)
                                    Mangrove areas have increased since 1996, however, significant part 
of mangrove areas is now used for human settlement 
Brunei Darussalam     Shrimp farms are registered with Department of Fisheries (DOF), which 
gazette the culture area (min. 4 ha, max 16 ha) to control activities 
ensuring that green belt-buffer zone is complied with
                                    Proposal: AQD to conduct pilot demonstration activity in Brunei 
Darussalam to show to farmers the sustainability of shrimp aquaculture 
following the environment-friendly scheme 
Malaysia                      Proposal: AQD to look into the natural causes of mangrove area 
depletion
                                    Proposal: AQD to conduct pilot demonstration activity in Malaysia 
to show the sustainability of shrimp aquaculture. Details including 
proposed site and possibility to adopt cost-sharing scheme in the 
implementation of the Project, will be discussed 
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COUNTRY     ISSUES, EXISTING & PROPOSED ACTIVITIES
Cambodia         Project on coastal resource management ongoing
 Proposal: To conduct pilot demonstration to make farmers aware on 
the sustainability of mangrove-friendly shrimp culture 
Vietnam Proposal: Specific activities based on experiences of Thailand and 
AQD to be transferred to another site in other provinces (specifically 
in south of Vietnam)
 Proposal: On-Site Training in north and south of Vietnam, with the 
Project providing the expertise during the training 
Myanmar 60-70% still practice traditional shrimp culture, utilizing many 
mangrove areas, although some practice semi-intensive or super-
intensive methods, such practice has not been sustainable
 Upgrade technology to extensive-plus, but people still ignorant about 
mangrove conservation
 Another site already selected as new demo site for mangrove-friendly 
shrimp culture starting in mid-2003
 Reforestation already ongoing in delta areas
 Shrimp farmers association to be organized to take up the issue on 
mangrove-friendly and environment-friendly aquaculture
 Awareness on mangrove conservation vis-à-vis shrimp culture
 Need for technical expertise, technology verification and demonstration 
(especially the country’s aquaculture sector) 
Philippines Demonstration center of BFAR (Pagbilao, Quezon) is available for the 
adoption of technologies developed through the Project
 Other side of mangroves should also be studied, e.g., shrimp farm 
effluents vis-à-vis mangrove growth
 For economic upliftment purposes, publish the economics of mangrove-
friendly shrimp aquaculture 
In the ensuing discussion, it was recommended that the following activities be implemented 
during the extension phase of the Project:
(a)  Conduct pilot demonstration activity in Cambodia, Brunei Darussalam, and Malaysia adopting 
cost-sharing arrangements, specifically the Project providing the technical expertise;
(b) In the case of Indonesia, the Project to provide technical expertise; and
(c)  For countries proposing new pilot demonstration activity, to coordinate with AQD for the 
location of the sites in order to finalize the program activities.
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During the discussion, the representative from Japan presented his view in relation to the summing 
up of the activities under Phase I of the Project through the conduct of resource economics. 
Specifically, he presented ways on how to quantify the output of the mangrove-friendly shrimp 
culture project, which include the following:
(a) Identification of solutions on how to prevent mangrove destruction from the aspect of 
exploiting shrimp culture
(b) Categorization of the selection of appropriate measures and culture site
(c) Evaluation of the culture technology developed from demonstration and commercial 
ponds or culture areas, based on: land occupation; waste discharge; sustainability; and 
productivity
The representative from Japan also presented the following model for the categorization of the 
culture status and management for mangrove friendly shrimp culture, and the index to express 
the impact of shrimp culture on mangroves.
Categorization of the culture status and management for mangrove friendly shrimp 
culture
Index to express the impact of shrimp culture on mangroves: 
          Mangrove friendly Index (MFI)
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PROPOSED ACTIVITIES FOR THE EXTENSION OF THE PROJECT
In summary, the following project components in the extension phase have been proposed for 
consideration of the FCG and SEAFDEC:
1.         Pilot demonstration and verification
            Pilot demonstration activities will be conducted in Cambodia, Malaysia, Brunei 
Darussalam, Vietnam, and Myanmar under specific cost-sharing arrangements. Although 
no pilot demonstration activity will be conducted in Indonesia, the need for technical 
expertise has been specified for refinements in its aquasilviculture activities.
            Countries proposing new pilot demonstration activities should coordinate with AQD for 
the location of the sites and other requirements. This will enable AQD to finalize the 
program of activities and appropriate allocation of funds.
            In the case of Thailand, Songkhla and Kung Krabaen Bay will continue to serve as 
demonstration sites while Surat Thani will be a new demonstration center. In the 
Philippines, DBS and BFAR centers will continue to serve as demonstration centers.
2.         Scale-up research
            Research especially on the upscaling of the output of the research results in the first 
phase would be continued.
            (a)        Bio-augmentation
                       To give focus on aspects that have high potential to contribute to the   
            improvement of the technology developed through the Project.
            (b)       Nutrient dynamics in culture ponds
            (c)        Nutrient pathways in processing of effluents by mangrove
3.         Training
           Training through formal lecture and practicum; and on-site in specific countries will be 
sustained.
4.         Information
            Information activities will be sustained highlighting the results of Phase I.
WORKSHOP (DEVELOPMENT OF REGIONAL GUIDELINES)
Introduction
SEAFDEC has initiated a program on the Regionalization of the Code of Conduct for Responsible 
Fisheries (RCCRF) under the Japanese Trust Fund Project. Under the RCCRF Project, the 
Aquaculture Department (AQD) conducted the RCCRF-Aquaculture Development (RCCRF-
AD). After a series of Consultations of Aquaculture Experts from the region, AQD came up with 
the Regional Guidelines for Responsible Fisheries in Southeast Asia-Responsible Aquaculture, 
which was published in 2001. The Regional Guidelines for Responsible Aquaculture in Southeast 
Asia include among others, Article 9.1.3 of the Regional Guidelines, which stipulates that:
            “(4) Given the importance of mangroves, Sates and regional institutions should prepare 
regional guidelines for the responsible use of mangroves for aquaculture. States should ensure 
coordination among departments, agencies and other units that have jurisdiction and stake in 
mangroves.”
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Thus, the initiation of the preparation of the regional guidelines was made part of the Regional 
Seminar-Workshop in order to:
1.   Identify experts who will be involved in the formulation of the regional guidelines;
2.   Discuss the scope of work for the preparation of the regional guidelines; and
3.   Plan the program of work for the preparation of the regional guidelines. 
During the discussion, the participants also agreed that appropriate fora would be convened to 
discuss further the development of the Guidelines. Such fora may be timed with the scheduled 
workshops under the Project.
Initial Output of the Workshop
In relation to the Regional Guidelines for Responsible Fisheries in Southeast Asia- Responsible 
Aquaculture, the participants made the following recommendations:
1.   States and institutions should prepare regional guidelines for the responsible use of 
mangroves for aquaculture … [and] ensure coordination among departments, agencies 
… that have jurisdiction and stake in mangroves. (Art. 9.1.3, item 4)
2.   States should establish the legal framework for the use of non-land based aquaculture, 
emphasizing the integration of aquaculture into coastal area management (Art. 9.1.1, 
item 4).
3.   States and the region should adopt an integrated approach to the development, 
maintenance, preservation and sustainable use of aquaculture areas including lakes, 
rivers, mangroves and other aquatic ecosystems. (Art. 9.1.3, item 3) 
4.   States should ensure that abandoned and unutilized aquaculture facilities are rehabilitated 
as far as possible to an ecologically sustainable system. (Art. 9.1.3, item 5)
The participants also presented relevant policy issues in relation to the implementation of 
Responsible Aquaculture in Mangrove Areas in their respective countries. These included the 
following:
1.   Mangrove areas:
Protected Zone – No Touch, for scientific study
Conservation/Management Zone – sustainable development
Rehabilitation Zone - define “no touch, can touch, need repair”; terminology by 
countries
2.   Development of new ponds in mangrove areas
-     need to address country differences
-     ponds and similar development that require clearing of trees, and physical alterations 
that may affect hydrodynamics
-    environmental impact assessment and monitoring
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-     aquaculture that requires some clearing
•    Integrated systems, e.g., silvofisheries/aquasilviculture 
•    mixed shrimp farming-mangroves
•    intensive ponds with mangroves to process/treat effluents
3.   Greenbelts or buffer zones along the shoreline or riverbanks and creeks should be 
maintained for coastal protection.
4.   Responsible aquaculture in mangrove areas may include seaweed and fish cage culture in 
waterways, cockles/other bivalves, mud crab pens and other compatible technologies. 
5.   Rehabilitation of abandoned or underutilized culture ponds in former mangroves
-     to be rehabilitated back to mangroves (using suitable species and planting 
techniques)
-     to be devoted to aquasilviculture/silvofisheries
6.   Policy on species introductions (exotic species) and transfers (within species’ range)
7.   Other issues:
• Legal framework
• Socio-economics, cultural aspects
• Integrated Coastal Area Management; community-based management
• Environmental impact assessment and monitoring
• Labeling, certification, and traceability of products
• Coordination among national agencies
• Research
• Information dissemination
• Terminology - mangrove areas, forests, swamps; mangroves (=ecosystem   
vs. trees)
In the ensuing discussion, the participants made recommendations to change the title of the 
Project from Mangrove-Friendly Shrimp Culture to:
Environment-Friendly Shrimp Aquaculture or
Responsible Aquaculture in Mangrove Areas or
Shrimp Aquaculture and Mangrove-Friendly Environment
AQD while considering the suggestions made, informed the participants that their suggestion 
would be presented to the next meeting of the Fisheries Consultative Group (FCG) in March 
2004, for consideration. Moreover, the participants were also assured that the final decision of 
FCG would be communicated to them through the core experts.
After the discussion, the country policies in mangrove uses for aquaculture as presented by the 
country representatives, has been summarized and shown in the following table.
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                                             Brunei       Cam-     Indo-     Malay-     Myan-      Philip-      Thai-       Viet-
            Activity               Darussalam   bodia      nesia         sia           mar         pines         land        nam 
                        
Clearing of mangrove           Y              YN           Y           YN            Y              N              N            YN
for aquaculture still           Within                                                                          Since       Since            
allowed (Yes/No)                gazetted                                                                         1990         1991
                                               area
Past or present policy        I-16 ha          Not        Not        800 ha         No        I-50 ha        No          Not
on max. area (ha):           C-500 ha     defined   defined                        limit      C-500 ha     since      defined
Individual (I),                                                                                                                            1991             
Company (C)
No of years leasing            No limit     No limit       -          1 year     No limit    25 years   30 years      Not  
                                                                                                                                                                          
defined       
Renewable? (Yes/No)              -            Yearly         -          1 year      1 year          Y              N              - 
Privatization                          N               Y            N             N              Y         N since         N              N 
allowed? (Yes/No)                                                                                                     1972
                   
Locals only                                          30 L-70       L             L              L              L              L              L L
(nationals)? (Yes/No)                                 
Buffer zone (m): Rive        50 min          150       C-400      C-400      C-300      C: 50-        C-75           -
(R), Coastal (C)                                                    R-150       R-50       R-100        100          R-20            
                                                                                                                                 R:20-50
                   
No Touch                           Protected   Protected Conse-   Protected   Conser-   Protected  Conser-   Protected  
                                               zone           zone      vation       zone        vation        zone        vation       zone
                                                                                 zone                          zone                           zone
                                                   
Can Touch                          Conser-      Conser-        -         Conser-   Manage-    Conser   Economic Manage- 
                                              vation         vation                     vation       ment       vation    zone until    ment
                                               zone            and                        zone          zone           and          1991        zone
                                                               manage-                                                    manage-                          
                                                                  ment                                                         ment
                                                                  zone                                                          zone
Rehabilitation/Repair    Not defined       Y            Y             Y              Y              Y              Y              Y
Policy? (Yes/No)                                     Rehab      Not          Not        Rehab    Denuded  Degraded     Not
                                                                  zone     defined    defined       area          area      accretion   defined
                                                                                                                                                     area
Summary of Country Policies on Mangrove Use for Aquaculture
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FIELD TRIP TO THE KUNG KRABAEN BAY ROYAL DEVELOPMENT STUDY 
CENTER, CHANTABURI, THAILAND
As a final activity of the Seminar-Workshop, the participants went on an observation study tour 
of the Seawater Irrigation Facility at the Kung Krabaen Bay Royal Development Study Center 
in Chantaburi, Thailand.
CLOSING OF THE SEMINAR-WORKSHOP
The Secretary-General of SEAFDEC officially declared the seminar-workshop closed.  He 
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SEMINAR-WORKSHOP TIMETABLE
23 June 2003 (Monday):        Arrival of Participants
24 June 2003 (Tuesday)
0830-0900            Registration
900-930                Opening of the Regional Seminar-Workshop
Adoption of the Agenda
Background and Rationale of the Regional Seminar-Workshop
930-1200              Progress of Activities of the MFSCP-Pilot Demonstration and   
                      Verification
(1)  Philippines  (2)  Thailand
1400-1500            (3)  Vietnam      (4)  Myanmar
1530-1630            Progress of Activities of the MFSCP – Research
(1)  Nutrient Cycles
(2)  Capacity of Mangroves to Absorb Nutrients
1630-1645            Progress of Activities of the MFSCP – Information Dissemination
1645-1700            Progress of Activities of the MFSCP – Training
1700-1730            Other Activities Relevant to Environment-Friendly Aquaculture
25 June 2003 (Wednesday)
0900-1200            Policy Issues on the Use of Mangroves for Aquaculture (SEAFDEC 
Member Countries)
Transboundary Movement of Exotic Shrimp Species
1400-1700            Proposed Activities for the Extension of MFSCP
(1)  Pilot demonstration  (4) Training and extension
(2)  Scale-up and verification (5)  Information
(3)  Research
1700-1730            Guidelines for the Workshop
26 June 2003 (Thursday)
0900-1530            Workshop on the Development of Regional Guidelines for Responsible 
Use of Mangroves for Aquaculture
(1)  Identification of core experts
(2)  Scope of work
(3)  Initial inputs for the draft Regional Guidelines (policy issues)
(4)  Future plans
1530-1630            Discussion on Workshop Output
Adoption of Recommendations of the Regional Seminar-Workshop
Closing of the Regional Seminar-Workshop
27 June 2003 (Friday)
0800                     Depart for Chantaburi
1100                      Arrival at Kung Krabaen Bay Royal Development Study Center 
(KKBRDSC) AND Briefing of KKBRDSC Activities
1400                     Tour of KKBRDSC facilities: Seawater irrigation system for shrimp 
farms, Mangrove research, etc.
1600                     Depart for Bangkok
28 June 2003 (Saturday):      Departure of participants to respective countries
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PAPERS PRESENTED AND DISCUSSED AT THE SEMINAR-WORKSHOP
•    Rationale of Regional Seminar-Workshop (Rolando R. Platon)
•    Verification and Refinement of Intensive Shrimp Culture Techniques: Thailand
Ø Mangrove Plantation for Enhancing Food Web in Water Recycling Shrimp Farms
(Worawat Chutchawanchaipan) (Although not reported during the Regional 
Seminar-Workshop, report was presented and discussed during the Mid-Project 
Workshop in September 2001)
Ø Integrated Physical and Biological Technologies for Water Recycling in Shrimp 
Farms (Putth Songsangjinda)
Ø Evaluation of Seawater Irrigation of Intensive Marine Shrimp Farming
(Chanin Sungrangruang)
Ø Mitigation Measures of Effluent from Shrimp Farming on Mangrove and Coastal 
Resources (Sanchai Tandavanitj)
•    Verification and Refinement of Intensive Shrimp Culture Techniques: Philippines 
(Dan D. Baliao)
•    Verification of Semi-intensive Shrimp Culture Techniques: Vietnam (Le Xan)
•    Verification of Semi-intensive Shrimp Culture Techniques: Myanmar (Minn Thame)
•    Nutrient Cycles (Nelson V. Golez)
•    Capacity of Mangroves to Process Shrimp Pond Effluents (Jurgenne H. Primavera)
•    Training Course on Mangrove-friendly Shrimp Aquaculture (Pastor L. Torres, Jr.)
•    SEAFDEC/AQD Research Activities Relevant to Environment-Friendly Aquaculture 
(Rolando R. Platon)
OTHER PAPERS PRESENTED AT THE SEMINAR-WORKSHOP
•    Transbounday Movement of Exotic Shrimp Species in the ASEAN Region 
(Celia L. Pitogo)
•    Development of Freshwater Prawn (Macrobrachium rosenbergii) Seed Production 
and Culture Technology in the Mekong Delta Region of Vietnam: A review of the 
JIRCAS Project at Cantho University (Marcy N. Wilder)
•    Studies on Sustainable Production Systems of Aquatic Animals in Brackish Mangrove 
Areas (Toru Shimoda)
POLICY ISSUES ON THE USE OF MANGROVES FOR AQUACULTURE
•    Brunei Darussalam (Sheik Al-Idrus bin Sheik Nikman)
•    Cambodia (Srun Lim Song)
•    Indonesia (Anto Sunaryanto)
•    Malaysia (Abdul Hamid bin Abdul Shukor)
•    Myanmar (Tin Win)
•    Philippines (Florida C. Arboleda)
•    Thailand (Siri Tookwinas)
•    Vietnam (Nguyen Thi Trang Nhung)
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RATIONALE OF THE REGIONAL SEMINAR-WORKSHOP
Rolando R. Platon
Chief, SEAFDEC Aquaculture Department
Tigbauan, Iloilo, Philippines
INTRODUCTION
In 1999, the implementation of the ASEAN-SEAFDEC Fisheries Consultative Group (FCG) 
Collaborative Project on the Promotion of Mangrove-Friendly Aquaculture in Southeast Asia 
was approved with AQD as Lead Department and Thailand as the Lead Country for the ASEAN, 
making as its take off point, AQD’s mangrove-friendly aquaculture program, which was intended 
to cover the culture of various organisms that could have effects on the mangroves. Upon the 
recommendation of the SEAFDEC Program Committee during its 22nd Meeting in October 
1999, the program was revised to focus on the effects of shrimp culture on mangroves. Thus, 
starting in 2000, the Project was developed with due focus on shrimp and adopting four major 
approaches, namely verification and pilot demonstration, research, training and information 
dissemination.
BACKGROUND
After more than one year of the Project implementation, AQD in coordination with the Department 
of Fisheries of Thailand, convened in Bangkok the Mid-Project Workshop for the Mangrove-
Friendly Shrimp Culture Project in September 2001. This was aimed at reviewing the progress 
of the Project’s activities in 2000 as well as the program of activities in 2001 and beyond. The 
Mid-Project Workshop also assessed the problems encountered in the implementation of the 
various activities under the Project
It was during the Mid-Project Workshop that the representative from Cambodia requested 
for the first time that a pilot demonstration activity be implemented in his country. As for the 
research studies, the need to restructure some detailed activities was recommended taking 
into consideration the advances developed and the findings of the activities conducted at the 
Project sites in Thailand. It was also recommended that in transferring technologies to other 
countries in the region, focus be made on the economic viability of such technologies. Thus, 
the recommendation to include a study on the economics of the technologies derived from the 














Moreover, it was also recommended that a review of the training needs of the Project be made 
and that priority in the training participation shall come from the Project proponents. Generally, 
it was agreed during the Mid-Project Workshop that the activities for 2001 and beyond be 
restructured based on the initial results of the activities as presented and discussed.
The experiences in shrimp culture in Thailand and the Philippines served as basis for the 
technology verification and demonstration activities of the Project. These experiences were 
documented in the form of state-of-the-art manuals. Two manuals were produced – one for the 
Philippine experience and the other one for Thailand. Verification and demonstration runs were 
then conducted in the Philippines, Thailand, Vietnam and Myanmar with remarkable success.
Research activities were also conducted to refine certain aspects of the technology. Research 
results have shown great potentials for the further refinement of the shrimp culture technology 
in the region. For information dissemination, a consolidated manual has been published for 
translation into five major languages in the region, i.e., Malay (Bahasa Indonesia), Thai, 
Vietnamese, Filipino and Burmese.
A mangrove website was also established and periodically updated. As part of the information 
dissemination activity, an on-site training on mangrove-friendly aquaculture was conducted 
in Myanmar in 2001 following the on-site training session in Vietnam in 1999. In addition, 
three formal training sessions on the mangrove-friendly shrimp aquaculture were conducted at 
AQD in 2001, 2002 and 2003 for participants coming from the region. In addition to the initial 
workshops conducted at the start and middle of the Program, the need to conduct the Regional 
Seminar-Workshop to assess the progress and review the future activities to be undertaken under 
the Project, was deemed necessary.
THE REGIONAL SEMINAR-WORKSHOP
Thus, Regional Seminar-Workshop was therefore convened from 23 to 27 June 2003 to review 
the progress of activities of the Project and discuss proposed activities for the extension. The 
results obtained from the current verification and demonstration activities in the aforementioned 
countries have encouraged other countries to express their desire for similar verification runs. 
Moreover, since the research activities have also produced encouraging results, these would be 
scaled-up to verify their effectiveness and verified under different conditions.
During the Regional Seminar-Workshop other important issues were discussed. First was the 
issue on the transboundary movement of exotic shrimp species. Considered significant because 
of the widespread occurrence of certain viral diseases believed to have been caused by the 
importation of non-indigenous shrimp species into the region. Thus, it was necessary to discuss 
the issue. Secondly, the Seminar-Workshop also served as forum to initiate the development of 
the Regional Guidelines for the Responsible Use of Mangroves for Aquaculture, as stipulated 
in Article 9.1.3 (4) of the Regional Guidelines for Responsible Fisheries in Southeast Asia: 
Responsible Aquaculture, which was adopted in 2001.
Specifically, Article 9.1.3 (4) of the Regional Guidelines states that: “Given the importance of 
mangroves, States and regional institutions should prepare regional guidelines for the responsible 
use of mangroves for aquaculture. States should ensure coordination among departments, 
agencies, and other units that have jurisdiction and stake in mangroves.” During the July 
2001 Government Consultation which adopted the Regional Guidelines, it was suggested that 
the preparation of the guidelines on responsible use of mangroves for aquaculture be initiated 
through the Mangrove-Friendly Shrimp Culture Project implemented by AQD.
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OBJECTIVES
The Regional Seminar-Workshop on Mangrove-Friendly Shrimp Aquaculture was convened to 
review the progress of activities and confirm the proposed activities for the extension including 
the development of guidelines for responsible use of mangroves for aquaculture. Specifically, 
the objectives of the Regional Seminar-Workshop were to:
1.   assess the progress of activities of the Project;
2.   assess the dissemination of the technology developed in the Project;
3.   review the policy issues relating to the use of mangroves for aquaculture in the 
region;
4.   confirm the activities for the extension of the Project; and
5.   initiate the development of the Regional Code of Practice for Responsible 
Aquaculture in Mangrove Areas.
PARTICIPANTS
The participants in the Regional Seminar-Workshop were representatives from SEAFDEC 
Member Countries, including those who were and those who will be involved in the Project.
VERIFICATION OF SEMI-INTENSIVE SHRIMP CULTURE TECHNIQUES: 
CAMBODIA
One of the major recommendations during the Regional Seminar-Workshop was the 
implementation of the pilot demonstration and verification activity in Cambodia. In order to 
initiate Project’s implementation, a site visit was conducted in Cambodia in September 2003.
The level of technology of shrimp culture in Cambodia has been observed to be prevalent among 
the private sector in areas closely bordering Thailand particularly in Koh Kong. The influence of 
the Thai shrimp culture technology in Koh Kong is partly visible compared to Kampot, which 
appears to have lagged behind in terms of brackishwater aquaculture technology. In these areas, 
shrimp culture farms have stopped operating momentarily for various reasons, including the 
recent political conflict between Cambodia and Thailand that reportedly limit access to the much 
needed materials and supplies, technical manpower and market. Also, there has been reported 
low salinity due to torrential rains as in the case of Koh Kong and lack of funds and technology 
as were prevalent in Kampot.
For the implementation of the Project in Cambodia, two sites operated by the private sector were 
identified during the site visit in September 2003: (1) the Kbalromeas Farm in Tropaing Saingke 
Commune in Kampot; and (2) Porn Marina Farm in Neang Kok, Pak Long Mondelsyma in 
Koh Kong. Upon further discussion and negotiations with the operators, it was agreed that the 
Kbalromeas Farm in Kampot be used for the demonstration activity of the Project in Cambodia. 
The pond facilities would comprise 1.0 ha for grow-out and another 1.0 ha for reservoir. The 
Memorandum of Agreement between the Department of Fisheries of Cambodia and SEAFDEC 
for the implementation of the Project activities in Cambodia, which was prepared in November 
2003 is expected to be signed by both parties in January 2004. This will enable the Project to 
take off in Cambodia as soon as possible but not later than January 2004.
VERIFICATION OF SEMI-INTENSIVE SHRIMP CULTURE TECHNIQUES: 
MALAYSIA
For the implementation of the pilot demonstration and verification activity in Malaysia, a site 
visit and survey was conducted in Johor Bahru in September 2003.
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POST SEMINAR-WORKSHOP ACTIVITIES
Recognizing the contributions of the Project in the development of mangrove-friendly shrimp 
aquaculture in the Southeast Asian region, the World Aquaculture Society Asia-Pacific Chapter 
included a Special Session on Mangrove-Friendly Shrimp Aquaculture during its Annual Meeting 
in Bangkok, Thailand on 23 September 2003. Seven papers showing the results of the various 
activities of the Project were presented during the Special Session. In addition, three poster 
papers were also presented showing the results of the pilot demonstration activities in Vietnam 
and Myanmar, and the initial results of the Nutrient Cycles study.
The papers presented during the Special Session were:
1.   Mangrove-Friendly Aquaculture Programme in Southeast Asia (Rolando R. Platon)
2.   Capacity of Mangroves to Absorb Pond Effluents (Jurgenne H. Primavera)
3.   Nutrient Cycles (Nelson V. Golez)
4.   Mitigation Plan on the Use of Mangroves for Aquaculture (Siri Tookwinas)
5.   Integrated Physical and Biological Technology for Water Recirculation Shrimp Farm: 
Case Study of Songkhla, Thailand (Putth Songsangjinda)
6.   Evaluation of Seawater Irrigation for Shrimp Farming on Mangrove and Coastal 
Resources (Chanin Sungrangruang)
7.   Environment Friendly Shrimp Culture Techniques at AQD Demonstration Station, Iloilo, 
Philippines (Dan D. Baliao).
In addition, the Poster presentations included:
1.   Mangrove-Friendly Shrimp Culture System Licked Disease Problem in Myanmar (Minn 
Thame)
2.   The Vietnam Shrimp Culture Experience (Le Xan)
3.   Nutrient Load and Luminous Bacteria Reduced (Nelson V. Golez)
The Project’s Proposed 











MANGROVE-FRIENDLY SHRIMP CULTURE PROJECT
Phase I: 2000-2003
The Mangrove-Friendly Shrimp Culture Project is being implemented in the following countries 
in Southeast Asia: Thailand, Philippines, Vietnam, Myanmar, Cambodia, and Malaysia, with 
Brunei Darussalam and Indonesia joining the participating countries in 2004, specifically availing 
of the technical expertise from the Project.
Although Singapore is not a participating country in the verification and pilot demonstration activity 
of the Project, it has availed of the training sessions conducted at SEAFDEC/AQD. Singapore is 
also provided with copies of the manuals that were produced through the Project.
Japan, a developed Member Country of SEAFDEC, is the source of funding as well as technical 
expertise for this Project. In return, manuals and other information materials produced from the 
Project are also provided to Japan.
Many international and regional organizations are also being involved in the Project, especially during 
workshops and seminars, where their inputs are necessary for the success of the Project. Specifically, the 
Food and Agriculture Organization-Regional Office for Asia and the Pacific (FAO-RAP), the Network 
of Aquaculture Centres in Asia-Pacific (NACA), Japan International Research Center for Agricultural 
Sciences (JIRCAS), and the Asian Institute of Technology (AIT) as well as some national institutions 
in the participating countries, have always supported the implementation of the Project.
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VERIFICATION AND REFINEMENT OF INTENSIVE SHRIMP
CULTURE TECHNIQUES: THAILAND
 Background Information
In 2000, the Department of Fisheries (DOF) of Thailand developed a research plan on mangrove-
friendly shrimp aquaculture as part of the ASEAN-SEAFDEC Mangrove-Friendly Shrimp 
Culture Project and in response to the need for the development of sustainable shrimp culture 
technologies. The main objectives of the Plan were:
1.   To evaluate the seawater irrigation facility at Kung Krabaen, Chantaburi for intensive 
marine shrimp farming;
2.   To integrate physical and biological technologies for water recycling in shrimp 
farming;
3.   To evaluate the mitigation measures of shrimp farm effluents in mangroves and coastal 
resources; and
4.   To study the effect of mangrove plantation for enhancing natural food web in water 
recycling shrimp culture.
In order to attain the aforementioned objectives, four sites were identified by DOF Thailand for 
the implementation of the Project. The Kung Krabaen Bay Royal Development Study Center 
in Chantaburi for the study on the assessment of Seawater Irrigation for Intensive Marine 
Shrimp Farming; the Marine Shrimp Research and Development Center in Songhkla for 
the study on Integrated Physical and Biological Technologies for Water Recycling in Shrimp 
Farming; the Andaman Marine Shrimp Research and Development Center in Phuket for 
the study on the assessment of the Mitigation Measures of Effluents from Shrimp Farming on 
Mangroves and Coastal Resources; and the Chachaengsao Coastal Aquaculture Development 
Center in Chunburi for the study on the Function of Mangroves for Enhancing Natural Food 
Web in Water Recycling Farms.
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VERIFICATION AND REFINEMENT OF INTENSIVE SHRIMP
CULTURE TECHNIQUES: THAILAND
Mangrove Plantation for Enhancing Food Web in
Water Recycling Shrimp Farms1 
Worawat Chutchawanchaipan
Chachaengsao Coastal Aquaculture Development Center
Department of Fisheries
Chachaengsao, Chunburi, Thailand
Note: This activity was implemented from November 2000 to April 2001. As reported during the Mid-Project 
Workshop in September 2001, the change in the Center’s thrust towards freshwater aquaculture made it 
not possible to conduct the activity in Chachaengsao beyond 2001. Hence, this activity was no longer 
reported during the Regional Seminar-Workshop held in Bangkok in June 2003.
BACKGROUND
Environmental deterioration in ponds and costal waters has been a common evidence after 
each intensive shrimp culture due to the accumulation of organic wastes and occurrence of 
eutrophication processes. Mangrove is a wetland that potentially supports the natural food web in 
the estuary and coastal areas. The planting of mangroves in recycling shrimp farms would serve 
the purpose of developing sustainable shrimp farms by utilizing the enriched organic matters and 
nutrients thus enhancing the natural food web in the shrimp farms. However, mangrove trees 
in pond dikes tend to grow small and the roots may not be able to support the tree during pond 
erosion resulting in the mortality of the mangrove trees. Brackishwater weeds, which cover the 
soil in the pond dikes, could serve the function of the young mangrove trees.
OBJECTIVES
1.   To study the growth and survival of planted young mangrove trees in a water 
recycling shrimp farm;
2.   To evaluate the nutrient removal efficiency of brackishwater weeds; and
3.   To assess the food web enhancing effect of mangroves in water recycling shrimp 
farms.
RESEARCH ACTIVITIES
The water recycling shrimp farm used in this study was constructed with a ratio of 40-50% 
grow-out pond, 25-30% polyculture (treatment) pond, and the remaining area for infrastructures. 
Water was pumped to the grow-out and treatment ponds without screening. Fish fingerlings were 
transferred to the treatment pond to build a natural food web. In the polyculture or treatment 
pond, various fishes and weeds were reared to treat the water quality and turn non-available 
shrimp food into shrimp food sources. Shrimp feces, organic particles and sludge were re-
suspended using a chain harrowing at the bottom of the grow-out and treatment ponds in order 
to accelerate the aerobic degradation process and creating a nutrient source for the natural food 
web. During the culture period, water was circulated from the treatment pond to the grow-out 
pond. Under this study, three sub-activities were carried out from 2000 to 2001.
 1 As reported during the Mid-Project Workshop, Mangrove-Friendly Shrimp Culture Project, Bangkok, 
Thailand, 3-4 September 2001
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Growth and Survival of Planted Young Mangroves in Water Recycling Shrimp Farms
Young mangrove trees (Rhizophora sp.) were planted in the slope of shrimp grow-out pond 
dikes and both sides of the polyculture (treatment) pond. The mangrove trees in the initial stage 
did not grow well in the grow-out pond due to the erosion of the dike. Thus, brackishwater 
weeds were used to supplement the functions of the mangrove trees. The growth of the young 
mangroves was measured in terms of stem growth and survival every month. This evaluation 
served as basis for the estimation of the suitable density of mangrove trees per square meter of 
shrimp pond and the suitable species of weeds that would prevent erosion of the pond dike.
Nutrient Removal Efficiency of Brackishwater Weeds in a Water Recycling Shrimp Farm
When water is discharged from the grow-out pond to the treatment pond, organic wastes and 
nutrients are removed. The study therefore aimed to evaluate the efficiency of brackishwater 
weeds in removing nutrients and improving the water quality of shrimp farm effluents before 
the water is recycled to the grow-out pond. The water from the outlet of the grow-out pond 
and outlet of the treatment pond were sampled periodically and suspended solids, dissolved 
nitrogen, and dissolved phosphorus were measured. Evaluation of the water quality after the 
flow passed the treatment pond as well as the growth performance and nutrient removal rate of 
the brackishwater weeds were carried out.
Food Web Enhancing Effect of Mangroves in Water Recycling Shrimp Farms
The organic load and nutrients enriched water is beneficial for the natural food web, thus the 
study was conducted to trace the food web. In the grow-out pond, the qualitative assessment of 
the species diversity of the organisms in the natural food web was investigated. The supply and 
consumption of the shrimps in the grow-out pond were compared to evaluate the efficiency of 
the natural food in the pond. The growth performance and production of shrimps in the water 
recycling shrimp farms was compared with those in traditional farms.
The summary of the results of the activity in Chachaengsao before this was phased out in 2001, 
indicated that the shrimp (P. monodon) cultured in 2400 m2 of mangrove integrated shrimp farm 
using water recycling, had a production of 2940 kg/ha with ABW of 20 g, survival rate of 50% 
and FCR of 1.4. The mangrove trees (Rhizophora sp.) had diameter growth rate of 0.12 cm/mo. 
The water quality in the grow-out pond was not different from the water in the treatment pond. 
The activity was no longer continued in 2002 to give way to a new focus of the Chachaengsao 
Coastal Aquaculture Development Center, which was on the giant freshwater prawn.
The treatment pond (left) and grow-out shrimp pond (right) at Chachaengsao
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VERIFICATION AND REFINEMENT OF INTENSIVE SHRIMP
CULTURE TECHNIQUES: THAILAND
Integrated Physical and Biological Technologies for
Water Recycling in Shrimp Farms
Putth Songsangjinda
Coastal Aquaculture Research Institute
Office of Coastal Fisheries and Development Bureau
Department of Fisheries
Muang District, Songkhla 90000, Thailand
Project Site:    Marine Shrimp Research and Development Center, Department of Fisheries, Songkhla, Thailand
BACKGROUND
Environment-friendly shrimp culture system has been an issue for improving shrimp farming and 
making it sustainable. In the past decade, Thailand adopted the open shrimp culture system, which 
consumed a lot of coastal and estuarine waters. The huge amount of nutrients and organic matter 
are dumped into the water receiving areas, resulting in eutrophication of the natural resource. A 
strategy developed to solve the problem was to reduce the water consumption in shrimp farms 
by recycling the water and re-using it for succeeding culture operations. The technologies that 
have been adopted for water treatment in recycling included physical, biological and chemical 
treatments. Since the effluent from shrimp farms is turbid, in high volume, and enriched with 
organic nutrients, the integration of physical and biological treatment was considered a potential 
treatment system that can be used extensively in recycling the effluents from shrimp farms.
The objectives of the activity are:
(1) to develop the suitable application of integrating the physical and biological treatment 
system in recycling the effluents from shrimp farms; and
(2) to demonstrate and transfer the successful treatment technique to the shrimp farmers.
PROJECT ACTIVITIES
Efficiency of Physical Treatment for Recycling Effluents from Shrimp Farms
Water quality management is a basic practice for the success in intensive tiger shrimp farming. 
Many reports indicated that heavy feeding during the grow-out period results in the accumulation 
of uneaten feeds and metabolic wastes in the water and in the bottom of the shrimp pond. Shrimp 
feed is the main source of nitrogen and phosphorus loading in shrimp ponds and is discharged 
to the water receiving area during water exchange. This is primarily because of eutrophication 
in the water body surrounding the shrimp farming area.
Thus, water treatment process for shrimp farm effluents is potentially considered as a means 
to reduce the impacts of intensive shrimp culture on the surrounding environment. In the past 
two decades, many water treatment systems were tested and demonstrated in aquaculture 
farms including the biological filtration in shrimp farms using bivalves and seaweed, chemical 
treatment trials in laboratory integrating the biological treatment for shrimp farm effluents, and 
the recirculating system for P. monodon culture using submerged biofilter.
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Intensive shrimp farming consumes a lot of organic enriched feeds in order to produce the 
expected large production. Shrimp feed is the main source of nitrogen and phosphorus loading 
in shrimp ponds resulting in water deterioration during the shrimp grow-out period. Thus, 
water quality management should be the main concern of shrimp farmers. The open system for 
shrimp farming uses a lot of clean water to maintain water quality in the pond by means of toxic 
dilution. In the open system shrimp pond culture, about 45% of nitrogen and 26% of phosphorus 
are dissolved and suspended in the water column (Table 1), with a total water discharged of 
194,328 m3/ha/crop, which is 3–13% of the daily average pond volume (Muthuwan and Lin, 
1996). With the open system technique, a lot of organic and nutrients are discharged to the 
surrounding areas.
           Items            
Input       
                        Feed 
                      Inflow 
                  Fertilizer 
                         Rain 
                   Teaseed
                    Shrimp 
Total        
Output    
                    Shrimp 
              Discharged
                 Sediment 
           Unaccounted 
Total                        
Phosphorus budget (kg/ha/crop)            
                  165.4 (86.5%) 
                      7.8 (  4.2%) 
                    17.4 (  9.2%) 
                    0.14 (0.07%) 
                    0.21 (0.10%) 
                         negligible 
190.95 (100%)                                           
                                                                   
                    17.5 (  9.1%) 
                    50.3 (26.2%) 
                    45.5 (23.5%) 
                    77.9 (41.2%) 
191.2 (100%)                                             
The investigation on pollution loading of Songsangjinda et al. (1993) indicated that pollution 
loading includes total suspended solids, organic matter (indicated by BOD) and nitrogenous 
compound (Table 2).
Table 2. Pollution loading measured at the outflow of the drain canal as differentiated from the inflow 
loading of the open system shrimp farm (size of 80 ha, 94 ponds, water exchange = 2737.5 m3/ha/d 
and the average daily standing stock of shrimp biomass = 2790 kg/ha). Negative value indicates 
the retaining or consumption in the shrimp farm (Songsangjinda et al, 1993)
Nitrogen budget (kg/ha/crop)
      
                          502.9 (82.4%) 
                            84.3 (14.0%) 
                            19.2 (  3.2%) 
                              2.2 (0.37%) 
                            0.14 (0.03%) 
                            0.07 (0.01%)
608.81 (100%)                         
                                                 
                          151.7 (24.7%) 
                          275.4 (45.0%) 
                          161.3 (26.4%) 
                            20.5 (  3.9%) 
608.9 (100 %)                          
    
    
    
    
    
               Variable
                        
Dissolved Oxygen               
Total Ammonia Nitrogen     
Total Nitrogen                      
Phosphate                             




                                                        
Total Suspended Solid         
Inflow
(kg/ha/d)
        18.13 
         0.19 
         1.38 
         0.03 
         0.35 
         6.38 
       525.63 
Outflow
(kg/ha/d)
              13.13 
               0.59 
               1.88 
               0.03 
               0.31 
              12.44 
             532.50 
Out flow Loading 
                         (kg/ha/d) 
                         -5.000 
                          0.406 
                          0.500 
                         -0.001 
                         -0.039 
                          6.063 
                          6.875 
Table 1. Nitrogen and phosphorus budget in the open shrimp farming system
(Muthuwan and Lin, 1996)
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The low water exchange system is one of shrimp pond management systems that farmers used 
to protect themselves from the negative feedback of the deteriorated shrimp farming area, i.e., 
outbreak of shrimp diseases and poor water quality. In the low water exchange system, a farmer 
is able to reduce the consumption of water from 194,328 m3/ha/crop to 21,084 m3/ha/crop. In 
this system, most of the waste tends to accumulate in the bottom of the pond. Songsangjinda and 
Koolkaew (in press) reported that the nitrogen accumulated in the pond bottom was about 65% 
of the total Nitrogen input that mainly comes from shrimp feeds (Fig 1). This is about 2.5 times 
higher than the nitrogen accumulation in the shrimp pond using the open culture system.
Fig 1. Illustration of the nitrogen budget from a shrimp pond using low water exchange system 
(Songsangjinda and Koolkaew, in press)
Although the low water exchange system is suitable for the prevention of negative effects from 
outside the pond, the waste accumulated in the pond often causes stress on the shrimps, which 
could result in infection from severe diseases. A recirculation system is therefore adopted to 
remove the organic wastes from the low water exchange system. 
A demonstration using a large water treatment unit (WTU) for water recirculation in shrimp pond 
was tested in Songkhla, Thailand. The results from this demonstration showed that the average 
values of culture parameters (production, total feed, average daily growth, size and survival 
rate) of shrimps from WTU ponds were 12-15.1% better than those from the traditional ponds 
but did not have significant differences (Table 3). This was attributed to the seasonal variation 
of farm management (Songsangjinda and Koolkaew, in press).
Table 3. Comparison of the parameters of the WTU and traditional shrimp cultivation 
(number of pond = 6), average from 3 crops of shrimp culture
                                            
                                                                
Growing period (d)                                    
Production (kg/pond)                                 
Total feed (kg/pond)                                  
Weight (g)
Average daily growth (g/d)                        
Food Conversion Ratio                              
Survival rate (%)                                        
WTU ponds
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Water qualities and removal efficiency in a small-scale recycle shrimp pond using an 
integrated physical and biological technology
Shrimp farmers now aim not only for disease-free shrimps with high growth rate and high yield, 
but also resource conservation. By minimizing and avoiding altogether the discharge of organic 
matters and nutrients from the grow-out into the natural waters, the adverse environmental 
impacts often associated with intensive shrimp farming, is completely avoided. This can be 
achieved through a closed culture system where wastewater is treated and returned to the 
growing ponds.
For this system, a model shrimp farm in Thailand consists of a 2.0 rai (35x90 m2) grow-out 
pond and a 0.5 rai (30x27 m2) treatment pond. A third pond is required to serve as reservoir for 
new water during the initial filling as well as to compensate for losses due to evaporation and 
possible seepage. This system served as basis for the development of the closed culture system 
technology.
The grow-out pond and the treatment pond are connected in order to allow the water to circulate 
from one pond to the other as shown in Fig 2.
Fig 2. The recirculation shrimp culture using the integrated physical and biological technology 
demonstration in Marine Shrimp Research and Development Center
A filter box with a capacity of 0.7-1.0 ton 
is installed in the treatment pond (Fig 3). 
The filter box is perforated at the sides and 
bottom and filled with bags containing sand, 
shells or pieces of broken coral. The inlet of 
the water supply pump is set in the middle 
of the bags of filter media. During operation, 
the treated water is pumped through the 
filtered tray into the grow-out pond when 
refilling of water is required. The treatment 
pond should be efficient so that the sediment 
reduction and water quality improvement 
should be at least 20-50% better than that 
of an untreated pond.









•    In case oxygen concentration is lower than 3.5 ppm, the number of paddle wheel aerators 
or the working duration of the aerators must be immediately increased.
•    In case oxygen concentration is lower than 2.0 ppm, feeding must be stopped until the 
oxygen concentration is raised to more than 2.8 ppm.
pH and alkalinity:
•    In case the pH and alkalinity are lower than the optimal level, carbonated lime must 
be added into the pond at 4 kg/rai (25 kg/ha) daily until the pH is raised to the desired 
range.
•    If the pH and alkalinity in the pond are higher than the optimal level, stop the application 
of lime and water exchange.
Transparency:
•    If the transparency is lower than 25 cm, the rate of water exchange should be increased 
to a level higher than in normal conditions.
•    If the transparency is higher than 40 cm and the phosphate level is low, 0-46-0 formulated 
fertilizer should be added at 1.0 kg/rai (6.25 kg/ha).
Ammonia and nitrite:
•    In case ammonia and nitrite concentrations are too high, the farmer must increase the 
efficiency and accuracy of the feed quantity estimate, increase the oxygen to more than 
4 mg/1 to accelerate treatment process, and consider a decrease in the feeding quantity 
by 10 to 40% as needed.
Biological oxygen demand (BOD):
•    In case the oxygen concentration is too high, paddle wheel aeration must be increased 
and that the oxygen concentration must not be lower than 3.5 ppm.
•    In case the oxygen demand is too high, the efficiency and accurateness of the feeding 
quantity estimation and the aeration must be increased, while the feeding quantity should 
be considerably reduced by 10-40% as necessary.
Bacteria and Vibrio spp.:
•    In case the total bacteria and Vibrio spp. is too high, consider decreasing the feeding 
rate and increasing the water exchange rate, as necessary.
•    In case other related problems occur, immediate action must be taken and continued 
until the problem is solved. Chemical should not be used, especially those with strong 
action and with long lasting residue. When problems are encountered, one must consider 
increasing the oxygen and changing the water as necessary.
Water quality in the treatment pond:
•    In case oxygen is lower than 3.5 ppm, aeration should be considerably increased through 
the operation of aerators.
•    In case of low pH or low alkalinity, lime should be added to increase the alkalinity of 
the water.
•    In case sand bags are clogged, these must be changed and cleaned. During the cleaning 
of the sand bags, recirculate the water into the treatment pond.
•    When the efficiency of ammonia removal is decreased, increase the oxygen concentration 
in the grow-out pond.
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•    In case the concentration of the total bacteria and Vibrio spp. is too high, increase the 
aeration in the treatment pond should be increased and sand bags should be changed as 
necessary.
•    When the treatment pond is highly loaded and the oxygen concentration is low, aeration 
should be increased.
•    If mortality of the fish or seaweeds occurs, increase the water circulation. If the water 
quality in the grow-out pond is in the optimal range or no problem has been encountered, 
stop adding water from the treatment pond into the grow-out pond. When the problem 
is solved, additional fishes or seaweeds should be restocked at the required amount.
The water quality in grow-out pond varied depending on the day of culture. The pH of water 
should be slightly decreased from about 9.0 at the beginning to the level of 7.8 at the day of 
harvest. The levels of DO at 0900 AM should vary between 4.3 to 8.4 mg/l all throughout the 
grow-out period. Transparency in the grow-out pond stabilizes when the water recycle program 
starts after the first month of shrimp culture. Ammonia level varies in a stable range between 
0.1-1 mg/l, while nitrite showing accumulation should range from 0.6 to 1.0 mg/l after the second 
month of culture period, which probably indicates a slow process of transforming nitrite to 
nitrate. The BOD fluctuates in a stable range of 9 to 16 mg/l from the period two weeks after the 
water recycling until harvest. Results of the water recycling experiments indicated that the water 
quality in a small-scale shrimp pond stabilizes after water recycling is performed (Fig 4).
Fig 4. Water quality parameters in a small-scale shrimp pond with water recycling using integrated 
biological and physical technology
Fig 5. Ammonia and nitrite variation in the treatment pond (left) and the removal performance of 
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The water qualities in the grow-out and treatment ponds are shown in the Table 4. Results 
indicated that ammonia and nitrite in water had a lower average concentration after being kept 
in the treatment pond compared to the average concentration in the grow-out pond. The removal 
performance of ammonia and nitrite by the treatment pond (Fig 5) varied from about 0.4 to –0.8 
mg/l (negative value indicates the release from treatment to the grow-out pond).
Water quality variables
pH

























































































Growing pond Treatment pond
Fig 6.  The experimental tank used for the evaluation on the efficiency of quality improvement of
shrimp farm effluents by oyster (Crassostrea lugubris), green mussel (Perna viridis) and
seaweed (Gracillaria fisheri)
Evaluation of the efficiency of oyster (Crassostrea lugubris), green mussel (Perna viridis) 
and seaweed (Gracillaria fisheri) on improvement of the quality of effluents from shrimp 
ponds
This study was designed to understand the efficiency of aquatic organisms used in a biological 
treatment unit, i.e., oyster (Crassostrea lugubris), mussel (Perna viridis) and seaweeds 
(Gracillaria fisheri), on water quality improvement. A study was carried out using an outdoor 
experimental tank equipped with water recirculation trays (control and experimental trays), which 
were floated at the water surface of the tank. The evaluation of the improvement efficiency was 
conducted under the continuous flow through system (Fig 6.).
Table 4.  The minimum, maximum, and average concentration of water quality investigated in the grow-out 
and treatment ponds
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During the experiment, the effluents from shrimp farms were pumped into the tanks where 
the experimental trays were set (Fig. 6). Airlift siphon was used to circulate the effluent water 
between the trays and the experimental tank. The flow rate of the water through the experimental 
and control trays was adjusted to be constant at the same flow rate. 
The water quality parameters, i.e., nitrogenous and phosphorus compounds, particulate organic 
nitrogen (PON), particulate organic carbon (POC), and particulate organic phosphorus (PP), 
BOD, particulate matters (PM), and chlorophyll a were measured from the inlet and outlet of 
the trays.
Total ammonia nitrogen (TAN) was analyzed according to the Modified Indophenol (Sasaki and 
Sawada, 1980). Nitrite-Nitrogen (NO
2
-) was analyzed using the Diazotization (Bendschneider 
and Robinson, 1952). Nitrate-Nitrogen (NO
3
-) was analyzed using cadmium reduction column 
(APHA, 1980) and the Diazotization method as mentioned above. Total Dissolved Nitrogen 
(TDN) was analyzed according to the persulphate digestion (Koroleff, 1983). The PON and 
POC were analyzed using CN analyzer (LECO CHN900). The calculation of the PON was made 
by subtracting the TAN components, while the TAN was the sum of the nitrogen compounds 
analyzed in the same water sample. 
Biochemical oxygen demand (BOD) was analyzed according to APHA (1985). Dissolved organic 
phosphorus (DIP), and total dissolved phosphorus were analyzed according to the methods 
described in Strickland and Parsons (1972) and Koroleff (1983). Particulate phosphorus (PP) 
was analyzed using microwave digestion (GEM model MAR5) for 10 min at the pressure of 
120 PSI in the solution of which the Nitric: Perchloric acid ratio was about 0.3: 0.9 ml. The 
phosphorus content in digested samples was analyzed using the DIP mentioned above. Particulate 
matter was determined according to the dry weight difference of the unfiltered and filtered paper. 
Chlorophyll a was analyzed by the acetone extraction according to the method in Strickland 
and Parsons (1972).
The efficiency of effluent quality improvement (unit per g dry weight per hour) was calculated 
based on the difference of water quality parameters between inlet and outlet of the control and 
experimental trays as shown in the following equation.
The positive result from the equation indicates the efficiency of the organism on the quality 
improvement of the effluent water. The negative result indicates the inefficiency of the organism. 
The average efficiency on effluent quality improvement is shown in Table 5 for oysters, Table 
6 for mussels and Table 7 for seaweeds.
Results from this experiment showed that mussel has the best efficiency among the experimented 
organisms. The average efficiencies were 50.14 mg/gDW/h, 0.190 mgN/gDW/h, 0.507 mgC/
gDW/h, 0.009 mgP/gDW/h and 26 µg/gDW/h in the improvement of PM, PON, POC, PP and 
phytoplankton in terms of chlorophyll a, respectively. These efficiencies were 2-57 folds higher 
than the efficiencies of effluent improvement by the oysters.
On the other hand, the use of mussels could produce metabolic waste (Total ammonia: TAN) 
and dissolved inorganic phosphorus (DIP) at the average rates of -0.036 mgN/gDW/hand -0.002 
mgP/gDW/h, respectively, which was 3-17 folds higher than those produced by the oysters.
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Table 5. Average and standard deviation of the efficiency on quality improvement of the effluent from 
shrimp farm using oyster (Crassostrea lugubris)  (n=10)







Dissolved inorganic phosphorus (DIP)
Dissolved organic nitrogen (DON)
Dissolved organic phosphorus (DOP)
Biochemical Oxygen Demand BOD (20 C, 
5 days)
Particulate organic nitrogen (PON)
Particulate Phosphorus (PP)
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1 unit of chlorophyll a improvement  = µg/g dry wt/h
Table 6. Average and standard deviation of the efficiency on quality improvement of the effluent from 
shrimp farm using mussel (Perna viridis) (n=10)
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1 unit of chlorophyll a improvement  = µg/g dry wt/h
In addition, the seaweeds showed a low efficiency on the improvement of TAN and DIP and 
slight sedimentation effect of the particulate matters. The results of this study indicated that 
the biological treatment unit probably had some limitation in applying to all water treatment 
requirements. The use of bivalves could improve the effluent water on the suspended matter 
especially particulate organic matter but the fecal pellet produced by bivalves accumulates and 
be decomposed thus, deteriorating the water quality in water treatment system. Seaweeds have 
the potential ability to absorb nutrients.
However, both organisms have low efficiency on the decomposed and transformation of organic 
matter. Thus, a new technique for the integration of a biological filter (Trickling Filter) is 
introduced, which have an advantage for the removal of organic wastes and dissolved nutrients 
in the water.
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Table 7.  Average and standard deviation of the efficiency on quality improvement of the effluent from 
shrimp farm using seaweeds (Gracilaria fisheri) (n=10)







Dissolved inorganic phosphorus (DIP)
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Dissolved organic phosphorus (DOP)
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5 days)
Particulate organic nitrogen (PON)
Particulate Phosphorus (PP)
























































































1 unit of chlorophyll a improvement  = mg/g dry wt/h
Fig. 7.  Conceptual illustration of trickling filter using bivalves and seaweeds for water treatment of effluents 
from marine shrimp culture for water recycling
Plastic material or fishing net could be used to 
increase the fixed substrate for the biofiltration 
bacteria
Some particulate matters can also settle 
in this unit.
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Thus, the integration of bivalves, trickling filter and seaweeds to the recirculation facility for 
shrimp farm effluent treatment, has been introduced. Here, the fluent is introduced to the bivalve 
(mussel or oyster) facility allowing the bivalves to filter the particulate matter. The fecal pellet 
should be removed frequently to prevent the deterioration of the environment of the bivalve 
compartments from the regenerated nutrients and organic matter. The dissolved organic and 
inorganic nutrients are filtered in the trickling by the microorganisms (including nitrifying 
bacteria). Since the inorganic nutrients in the water are absorbed by the seaweeds, the water 
can be recirculated to the shrimp pond (Fig 7).
Using this activity as a model, Thailand has developed a program for Thai Quality Shrimp 
following the “Code of Conduct for Responsible Shrimp Aquaculture”. Known as “Code 
of Conduct” or “CoC”, this program is aimed at producing shrimps meeting the three major 
standards and international concerns, such as: 
1)   The standard of shrimp culture practice should be guided by the CoC manual on shrimp/
hatchery management
2)   The shrimp products should meet the international standard of quality shrimp (residual 
and contamination concerns)
3)   The shrimp farms should practice the environmental-friendly manner.
Based on this program, the conceptual guidelines have been introduced to the shrimp farmers 
as follows: 
1.   Site selection: The farm’s productivity must be increase while wastewater and 
environmental impacts must be minimized.
2.   General management of the shrimp farms: The farms productivity must be increased 
while wastewater and all other environmental impacts must be minimized.
3.   Stocking density: Good quality post larvae are released with consideration of suitable 
density specific for culture technique and pond capacity by checking the survival rate 
and shrimp size at harvest.
4.   Food and Feeding: Good Management Practices (GMPs) for food and feeding are 
implemented to minimize excess feeds and decomposition at pond bottom, and water 
consumption.
5.   Shrimp health management: GMPs in shrimp farming are used to reduce shrimp stress. 
Facilities for disease examination and protection must be provided.
6.   Chemicals and therapeutic agents: Chemicals and therapeutic agents must be applied as 
necessary and in accordance with manufacturers’ instructions.
7.   Wastewater, solid wastes and farm hygiene: Farmers must properly manage effluents, 
solid wastes and farm hygiene in accordance with the GMPs to minimize contamination 
and environmental impacts.
8.   Social responsibility: Farmers must communicate and contribute assistance to local 
communities to show their responsibility.
9.   Group and training: Farmers must belong to a group or association to facilitate exchange 
of knowledge on shrimp culture development.
10. Data collection: Data on farm operation must be recorded for review purposes, improving 
shrimp culture techniques and for the auditing processes.
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In this program, the concept of Integrated Physical and Biological Technology for the Mangrove-
Friendly Shrimp Culture Project provides an application to make shrimp farming practices meet 
the standards of environment friendly. The CoC guidelines suggest that farmers should manage 
the model effluents to minimize environmental impacts. The demonstration model farm used to 
verify this technique was established at the farms of the Department of Fisheries at the Marine 
Shrimp Research and Development Center, Pawong, Songkhla, Thailand. The illustration of 
the environmental friendly farm is shown in the following project plan:
Fig 8.  Conceptual illustration of environment-friendly shrimp farming using the integrated physical and 
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The environment friendly shrimp farm (below):
The pond aeration system and circulation system in drain canal (above).
Effluent treatment system applied with the concept of integrated physical and biological technology, which 
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The general practices of this demonstration model farm are as follows:
1)   Pond bottom is rehabilitated by enhancing organic decomposition directly at the bottom 
for about 1.5-2.0 months prior to stocking
2)   Pond water preparation is made not more than 15 days prior to stocking
3)   Larvae of Penaeus monodon (PL> 15) is stocked at density 50 ind/m2
4)   The PL is selected from CoC certified hatcheries for the best quality of PL
5)   Best quality of feed and good feed management is used for good growth and good feed 
conversion ratio (FCR) to minimize degradation of the pond bottom and water
6)   Aerobic condition is maintained by high DO (diurnal minimum > 4 mg/l) using 
paddlewheel and bottom aeration (air diffusion) for water and surface sediment of shrimp 
pond to enhance the aerobic decomposition of the remaining feed, feces and metabolic 
wastes
7)   Sludge and sediments in the shrimp pond are disturbed by pulling a chain over the pond 
bottom, to break down/release the accumulated toxic metabolite and enhance oxygen 
transfer at the pond bottom
8)   Water exchange is managed to be minimum in order to reduce the volume of effluents
9)   Effluents are drained to the effluent treatment ponds to improve the water quality during 
the grow-out period through airlift pump circulation, for recycling to the reservoir for 
the next water exchange
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VERIFICATION AND REFINEMENT OF INTENSIVE SHRIMP
CULTURE TECHNIQUES: THAILAND
Evaluation of Seawater Irrigation for
Intensive Marine Shrimp Farming
Chanin Sangrungruang
Kung Krabaen Bay Fisheries Development Study Centre
Office of Coastal Fisheries Research and Development Bureau
Department of Fisheries
Thamis District, Chantaburi 22120, Thailand
Project Site: Kung Krabaen Bay Fisheries Development Study Centre, Chanthaburi. Thailand
BACKGROUND
Kung Krabaen Bay Royal Development Study Centre
In Kung Krabaen Bay, located in Chantaburi Province east of Thailand, His Majesty the King 
Bhumibol Adulyadej initiated the establishment of the Royal Development Study Centre in 
1981 in order to develop a harmonized system among fisheries, mangroves and other agriculture 
activities in the coastal area of the Province. The main purpose of the Centre is to promote sound 
shrimp culture practices for the farmers situated in the deteriorated forest reserve areas around 
the Bay, known to have caused various problems to the environment and other agricultural 
activities around the Bay.
Kung Krabaen Bay still has plenty of aquatic animals and its extremely complex mangrove 
forests provide a good spawning and nursing ground for many fishes and shellfishes. The Bay 
is also a source of livelihood for fishermen and serves as site for the Province’ shrimp culture 
zone.
The black tiger shrimp culture at the Bay area had increased the income and improved the 
standard of living of the shrimp farmers. His Majesty the King Bhumibol Adulyadej in his 
address on the 4th of December 1994, stressed that:
“Some say that shrimp farming produces pollution; that is true if it is not properly done or if done in a primitive 
way; the sea will be polluted. But now, there are techniques to produce substantial quantity of shrimps without 
creating pollution. On the contrary, Thailand will be able to export shrimp of high quality in great quantity.”
Kung Krabaen Bay is 230 km from Bangkok, with an area of 4000 rai (640 ha). The mouth of 
the Bay is 650 m and 2600 m wide, 4600 m long and a maximum depth of 8.0 m. There are 
seven (7) short local canals around the Bay, surrounded by mangrove forests 5.0 km long and 
30-200 m wide. The major problems in the Bay are mangrove destruction, decline of coastal fish 
stocks and saline water intrusion into the surrounding agricultural area, which not only cause 
environmental deterioration but also adversely affected the way of life of the local fishermen 
and farmers.
In order to develop and study the potential benefits of the coastal areas in the eastern region of 
Thailand, the Royal Development Study Centre was created for the development and promotion 
of shrimp aquaculture around Kung Krabaen Bay. The Royal Development Study Centre was 
instrumental in the establishment of the Kung Krabaen Bay Royal Development Study Centre 
(KKBRDSC), with a total area of 5760 ha, lying along the shoreline and adjacent to the inner 
land.
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Objectives of the Centre
1.   To promote the effective management of coastal fishery, as well as agricultural and 
occupational development in the eastern coastline of Thailand;
2.   To provide an effective program on environmental conservation, examine the 
problems and find solutions related to mangrove destruction in the coastal 
environment using an integrated approach;
3.   To increase the income of the surrounding villagers and farmers as well as improve 
their standard of living; and
4.   To promote the dissemination of knowledge, skills and appropriate techniques on 
aquaculture, coastal environmental protection and conservation, agriculture and animal 
husbandry through the use of “demonstration projects” and provision of training-base 
study, research and experimentation work conducted at the Centre.
Activities of the Centre
There are several activities conducted at the Kung Krabaen Bay Royal Development Study 
Centre, the main focus of which is the preservation of natural resources and the ecosystem. The 
activities are integrated and coordinated among the twenty-two participating agencies with the 
understanding that these activities are geared towards creating awareness of the local people 
on the sustainable use of their resources and improve their living conditions.
Shrimp Culture in Kung Krabaen Bay
Since the request of the Kung Krabaen Bay Royal Development Study Centre to use the 1650 rai 
(264 ha) of deteriorated forest reserve area around the Kung Krabaen Bay for the implementation 
of a shrimp culture project was approved, the area was divided into three portions:
1.   Shrimp culture area. The Kung Krabaen Committee divided the area of 728 rai (116.5 
ha) into 104 plots (1.12 ha each), which were provided to 113 families for them to 
operate a shrimp culture farm, in particular the culture of the black tiger shrimp. Each 
plot comprised two parts: (1) shrimp pond covering 0.84 ha for 2-3 rearing ponds and 
a sludge pond; and (2) housing part covering 0.28 ha.
2.   Mangrove area. Covering an area of 610 rai (97.6 ha), this area was designated as the 
mangrove forest conservation zone.
3.   Demonstration area. The remaining 312 rai (49.9 ha) was allocated for demonstration 
of shrimp culture, reforestation of mangroves and various types of public utility.
Open-system Shrimp Culture
The shrimp culture around Kung Krabaen Bay has been carried out since 1986 adopting the 
semi-intensive culture system. The farmers, who were trained at the Centre, started using the 
open-water system where the seawater was supplied from the seven natural canals around the 
Bay during high tide. Effluents were discharged from the shrimp ponds into the same canals 
during the low tide. Sasaki and Inoue (1985) reported that the circulation pattern in the Bay 
is generally counter-clockwise at ebb tide and the motion of seawater in the Bay was almost 
entirely controlled by the inflow from the mouth of the Bay since inflows from the local canals 
were quite small. This investigation showed that 86% in volume of the Bay water at low level 
is replaced with open seawater, in one tide cycle.
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The Kung Krabaen Bay Royal Development Study Centre, Chantaburi, Thailand
The Kung Krabaen Bay (left) and the Centre Facilities (right)
The shrimp ponds in Kung Krabaen Bay (above left) 
adopting the open system were devastated by diseases 
in 1990 (above right), but recovered few years later 
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The Bay has been the receiving area for the discharged water from the shrimp culture ponds with 
stocking densities of 15-20 postlarvae/m2. In the beginning the incomes of the shrimp farmers 
appreciated compared to those from other activities. Big size black tiger shrimp was achieved 
(20-30 pc/kg) within three months of culture. The average production attained by the farmers 
operating around the Bay was 4000-5000 kg/ha. However, many problems occurred much later 
in the area.
Outbreak of Yellow-Head Disease and While Spot Syndrome Disease
In 1990, the first serious outbreak of the yellow-head virus (YHV) in black tiger shrimp (Penaeus 
monodon) occurred in the central and eastern parts of Thailand (Boonyaratpalin et al., 1994). 
This disease rapidly resulted in high mortality of the shrimps. It was observed at 50-70 days 
post stocking (Chanratchakool, et al., 1994), when the infected shrimps exhibited pale bodies 
and swollen cephalothorax with light yellow hepatopancreas and gills (Boonyaratpalin et al, 
1994). Cumulative mortalities could reach 100% of the affected population within 3-5 days from 
the onset of the disease. In most cases, emergency harvest has to be undertaken regardless of the 
stage of production (Boonyaratpalin et al., 1994; Chanratchakool, et at, 1994).
From October 1994 to 1995, the black tiger shrimp was subsequently affected by a systemic 
ectodermal and mesodermal baculovirus (SEMBV) (Flegel et al., 1996), the later was referred to 
as white spot syndrome virus (WSSV). Shrimps, 40-75 days old were most susceptible and mass 
mortality reached 100% within 7-10 days from the onset of the disease. For YHV and WSSV 
disease outbreaks, the recommended procedures for their elimination are similar. Since both viruses 
can be spread by infected water and by non-cultivated crustacean carriers, current preventative 
measures emphasize good water management and the exclusion of carrier species. However, there 
are several cases of mixed infections of YHV and WSSV in Thailand and elsewhere (Flegel, et 
al., 1996). Although many shrimp farmers have changed from open to closed or semi-closed 
culture systems, the viral diseases remain a problem. It is particularly serious among the post 
larvae during the low temperature period from late October to January in the central and eastern 
parts of Thailand (Limsuwan, 1997).
Shrimp farms in Thailand, which suffered from these major diseases, also encountered serious losses 
as what happened in the shrimps cultured in Kung Krabaen Bay. Some farmers tried to increase 
the post larvae stocking densities to at least 80 pc/m2, but unfortunately, the shrimp production 
was still lower. From the beginning of the project until at present, the Department of Fisheries 
tried to solve the problems by educating the farmers; monitoring the water qualities in their 
culture ponds, the canals, the bay and surrounding shoreline; seminars; demonstration of the 
shrimp culture system, service for shrimp health monitoring and disease diagnosis, taking note 
of the conservation systems. The culture system at the Centre has now been changed from open 
to closed-system or low water exchange system in order to avoid disease outbreaks. In addition, 
every farm must have sludge plots and following the regulations to treat the wastes from culture 
ponds, after harvesting the wastes should be piled in the sludge plots without flushing them into 
the canals. The Kung Krabaen Bay Royal Development Study Centre has been collecting sludge 
from the sludge-ponds for conversion to fertilizers that can be used in agriculture. 
Closed-system
The closed-system for shrimp culture around Kung Krabaen Bay was adopted by treating the 
incoming water for the ponds, either by chemical, biological, or physical treatment. Farmers are 
made to understand that if they continue using water without improving its quality, the incidence 
of diseases could increase. To reduce the risk of disease contamination, a new technique has been 
adopted in which water exchange is limited (Chanratchakool. 1996).
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During longer culture period of 4-5 months, organic matters accumulate in the ponds, causing 
phytoplankton to over bloom sometimes even dinoflagellates also over bloom, depleting the 
dissolved oxygen resulting in poor water quality. During summer, water evaporation causes 
extreme high salinity above 40-45 ppt and high temperature while the pH fluctuates. These factors 
led to shrimp stress inducing the opportunity of pathogen infection resulting in low survival 
and poor growth rate. This system is suitable only in the rainy season because rain promotes 
exchange of water in the culture ponds automatically. Under such circumstance, farmers could 
conduct shrimp culture only one crop per year.
Some Obstacles of Shrimp Culture around Kung Krabaen Bay
1.   Lack of good water supply because Kung Krabaen Bay has a natural feature of a closed 
bay. Therefore, seawater from shrimp culture, which contains high nutrients (nitrogen 
and phosphate), remained circulated within the Bay, especially in the canals.
2.   The discharged water from the shrimp culture ponds and drained into the Bay contain 
sediments and if not been treated, some parts of the water which cannot be completely 
treated by nature, flow back into the canals and finally into the farmer’s shrimp ponds, 
creating problems.
3.   The problem of deteriorating of seawater quality at the Kung Krabaen Bay has affected 
the coastal resources of the Bay environment.
4.   The epidemic of diseases in shrimps particularly those that stemmed from uncontrolled 
viruses, has costly damaged the shrimp production because the seawater system supplying 
shrimp culture ponds is already contaminated from the water inflows and outflows.
Seawater Irrigation System for Shrimp Culture at Kung Krabaen Bay
The Seawater Irrigation Project, which was established to support shrimp culture activities at 
Kung Krabaen Bay, has the following objectives:
1.   To separate the direction of inlet and outlet water canals of the culture areas;
2.   To increase the capacity of shrimp production around Kung Krabaen Bay;
3.   To develop sustainable shrimp culture around the Kung Krabaen Bay;
4.   To maintain proper environmental condition, in order to establish a balanced 
ecological system at Kung Krabaen Bay; and
5.   To create a model of seawater irrigation system for shrimp culture for demonstration 
in other areas of the country.
Project Description
The seawater irrigation system for shrimp culture at Kung Krabaen Bay is aimed at ensuring 
proper water quality required for shrimp culture. This system also serves as a rest canal for 
rearing water released from the shrimp ponds, by undergoing water treatment before being 
further released into the Kung Krabaen Bay.
Seawater Delivery System
Seawater Conduit
The facility has six rows of high-pressure HPDE conduits, each having a diameter of 1.0 
m, and buried under the sea at a distance of about 350 m offshore. These conduits deliver 
seawater to the pumping station onshore.
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Water Pumping Station
The Water Pumping Station, constructed using reinforced concrete, is used to pump seawater 
from the storage located underground at a level of about 11.50 m deep. This station can store 
water up to 4650 m3 and can continuously drain water using eight 200-HP pumps, each having 
a drainage capacity of 1.25 m3 of water/sec. Water flows in through two HPDE conduits 1.0 m 
in diameter, into a stocking pond which can hold up to 3000 m3 of water.
Water Inlet Canal
Running a distance of about 8820 m, this canal delivers seawater to the shrimp culture areas 
around the Kung Krabaen Bay. The concrete canal stores seawater from the stocking pond, before 
the water is further released into the shrimp ponds by force of gravity. The canal comprises:
•    Main Water Inlet Canal (M Route), 12 m wide and approximately 6620 m long, 
is used for receiving and distributing seawater to farmers in the upper area of the 
project.
•    Central Water Inlet Canal (R Route, 8 m wide and approximately 1620 m long, is 
used for receiving and distributing seawater to farmers in the central area of the 
project.
•    Sub-distributory Canal (R Route), 5 m wide and approximately 580 m long, is used 
for receiving and distributing seawater to farmers in the lower area.
•    Secondary Canals, which are separated from the main canal, are necessary for 
delivering water to shrimp ponds since the shrimp culture area is rather large. Each 
farmer handles the construction of his own secondary canals.
Waste Water Treatment System
The potentials of nature have been relied upon in the wastewater treatment system of this 
project, enhancing the water quality for aquatic organisms. The wastewater treatment system 
consists of:
1.  Sludge-ponds
In the sludge-ponds, suspended solids settle down so that the clear water flows into 
the water treatment canal.
2.  Water treatment canals
The water treatment canals, are supplemented with physical and biological treatment 
system, with an aeration system consisting of 24 5-HP mechanical aerators along 
the canals. Oysters are cultured by hanging method in the treatment canals in order 
to enhance the efficiency of the wastewater treatment and achieve a standard level 
before passing the water to the sedimentation canals.
3.  Sedimentation canals
The sedimentation canals comprises seven local canals, where both sides of the 
canals lay along the mangrove forest areas. The canals receive discharged water 
from the treatment canals and with biological treatment the water passes through 
the Bay where seagrass and seaweeds are abundant.
The construction of this project started on 1 November 1996 and was completed and made 
operational since 3 May 1999. Its main purpose is to allow an effective administration system 
for shrimp culture at Kung Krabaen Bay.
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The main objective of the seawater irrigation facility is to separate the direction of the inlet and outlet 
canals in the shrimp culture areas
The Kung Krabaen Bay Royal Development Study Centre enlisted 192 farmers under the Project 
and from nearby areas as members who utilize the water from the system. Now the Project 
covers 351 shrimp ponds with total area of 1064 rai (170.24 h) divided into 860 rai (137.6 h) 
for shrimp culture and 204 rai (32.64 h) for ditches, canals, roads as well as infrastructures for 
various activities.
The Kung Krabaen Bay Fisheries Development Study Centre is being handled by the 
Department of Fisheries under the Kung Krabaen Bay Royal Development Study Centre, 
which takes charge and supports the project in its various aspects. After two years of operation, 
the members took charge of the project administration from the Kung Krabaen Bay Fisheries 
Development Study Centre. However, the Centre still provides support in terms of technical 
aspects and recommendations for achieving the goal of promoting sustainable shrimp culture 
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Benefits
1.   The project is promoted in order to increase shrimp production, the annual black tiger 
shrimp production of the Kung Krabaen Bay is expected to achieve a minimum of 800 
mt/year
2.   Shrimp culture should remain sustainable
3.   This project serves as a model on the development of seawater irrigation system to 
support shrimp culture in other areas of the country
4.   Farmers can expect to earn reasonable income, allowing them to have better quality of 
life, thus fulfilling the Royal intention of His Majesty the King in the establishment of 
the Kung Krabaen Bay Royal Development Study Centre.
THE MANGROVE-FRIENDLY SHRIMP CULTURE PROJECT
Four research activities are conducted in the Kung Krabaen Bay Royal Development Study Centre 
under the Mangrove-Friendly Shrimp Culture Project. Results from these activities indicated a 
low impact assessment on water and soil qualities as well as the mangrove area around KKB, 
while shrimp production has increased. These findings show that activities under the seawater 
irrigation system could control the impact from shrimp culture, supporting the objective of the 
seawater irrigation system.
Impact assessment of the intensive shrimp farming under seawater irrigation facility on 
sediment and water qualities in Kung Krabaen Bay (KKB)
The nutrients of the effluents from shrimp farming around KKB have shown limited impacts 
during the study period 2000-2002. There were also no significant differences before and after 
the operation of the seawater irrigation system (Table 1 and 2). Small amount of sediments were 
found accumulated only in the inner part of KKB such as in the canals and shoreline than in the 
outer part (middle area of KKB). The water quality data of the treatment canals in 2001-2002 
have not shown any impacts from the effluents of the shrimp farms. Water quality parameters 
found within acceptable standard for coastal aquaculture have been monitored (Table 3).
Variation of sediment and water qualities in intensive marine shrimp farm drainage canals
In 2001, the analysis of samples of soil and water qualities in five stations in water treatment 
canals (drainage canals) showed that:
1.   The thickness of settled sediment was higher than during the year 2000 (Table 4).
2.   Hydrogen sulfide was detected in high amount. The quantities of hydrogen sulfide found 
in water treatment canals could affect some meiofauna, microfauna, benthos and aquatic 
animals on the bottom surface (Table 5) of the canals.
Based on these data, every after 2-3 years, the water treatment canals or drainage canals must 
be managed such as renovation the bottom soil surface of the canals.
Study on the possibility using mangrove forest as a wetland treatment unit for shrimp farm 
effluent
Shrimp farm’s effluents had some effects on the mangrove trees. Some mangrove trees have 
shown some benefits such as the Avicennia alba which had the highest growth rate among the 
mangrove species (Table 6) used in the study on the efficiency of mangrove forest on water 
treatment:
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1.   Treatment of low nutrient waste from shrimp farm (BOD= 2-3 mg/l) using four mangrove 
species (Table 7)
Water discharged from shrimp farms kept in the pond for 3 days then water qualities were 
checked. Results are recorded as follows:
BOD, TN, TOC and SS before treatment were 3.8 mg/l, 3.05 mg/l, 11.65 mgO/l and 
26.80 mg/l, respectively, while the BOD, TN, TOC and SS after 3 days treatment were 
2.6 mgO/l, 2.56 mgN/l, 11.19 mgC/l and 9.64mg/l, respectively in Ceriops tagal; 
2.1 mgO/1, 2.72 mgN/l, 10.86 mgC/1 and 6.24 mg/l, respectively in Rhizophora apiculata; 
1.4 mgO/l, 2.57 mgN/l, 9.51 mgC/l and 5.39 mg/l, respectively in Avicennia a/ba; 0.8 
mgO/l, 2.51 mgN/l, 8.91 mgC/1 and 4.93 mg/l, respectively in Bruguiera gymnorrhiza; and 
1.7 mgO/l, 2.55 mgN/l, 9.52 mgC/I and 5.29 mg/l, respectively in the control. Bruguiera 
gymnorrhiza showed the highest efficiency on water treatment as shown by the BOD of 78.94 
%, TN of 17.70 %, TOC of 23.52 % and SS of 81.60 %, while in the control the parameters 
were: BOD 55.26%, TN 16.39%, TOC 18.28 % and SS 80.26%.
2.   Treatment of high nutrient waste from shrimp farm (BOD 20-30 mg/l) using four mangrove 
species (Table 8)
BOD, TN, TOC and SS before treatment were 51.4 mgO/l, 1 l.05 mgN/l, 106.93 mgO/l and 
48.13 mg/l, respectively, while the BOD, TN, TOC and SS after 3 days treatment were 31.22 
mgO/1, 14.84 mgN/l, 48.43 mgO/l and 58.48 mg/l, respectively in Ceriops tagal; 20.67 
mgO/l, 12.60 mgN/l, 47.12 mgC/l and 43.68 mg/l, respectively in Rhizophora apicu/ata; 
18.8 mgO/l, 12.53 mgN/l, 44.57 mgO/l and 34.34 mg/l, respectively in Avicennia alba; 24.33 
mgO/l, 14.59 mgN/1, 47.62 mgC/l and 47.54 mg/l, respectively in Bruguiera gymnorrhiza; 
and 25.8 mgO/1, 13.76 tngN/l, 51.94 mgC/1 and 55.67 mg/l respectively in the control. 
Avicennia alba showed the highest efficiency on water treatment as shown by the BOD of 
63.42 %, TN of -13.30 %, TOC of 58.32 % and Ssof 28.65 %, while in the control: BOD 
was 49.80%, TN -24.52 %, TOC 51.43 % and SS -15.67 %.
There was little difference between the control and treatment in low and high nutrient loading 
system. Avicennia a/ba and Bruguiera gymnorrhiza showed the best performance among four 
(4) mangrove species in both experiments. Mangrove species required low nutrients from the 
soil, as they are able to use CO
2 
form the air for photosynthesis process.
Study on the variation of mangrove forest at Kung Krabaen Bay
The number of natural mangrove trees around the Kung Krabaen is still the same as in the 
previous years. The trees are still in good growth condition. In conclusion the wastewater from 
shrimp farm has no negative effect on the natural mangrove area (Table 9 and 10).
CONCLUSION
The seawater irrigation system has benefited the intensive marine shrimp culture making shrimp 
culture sustainable and increasing shrimp production. The results obtained from this research 
study indicated that the adverse effects of shrimp farms on mangrove and costal environments 
around the irrigation system could be controlled and minimizedThere are three main critical 
control points identified in this study that need to be considered:
1.   Supply canals in the system should be cleaned and renovated every 2-3 years.
2.   Wastewater treatment system should be monitored to avoid the accumulation of solid 
wastes while the solid wastes should be properly managed.
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3.   The seawater irrigation system can minimize shrimp pathogens from entering the culture 
ponds, however for disease prevention, farmers should adopt good aquaculture practices 
including pond preparation, seed quality, and prevention of disease carriers.
Managing the seawater irrigation system needs a systematic teamwork. The above critical 
control points of the system should be monitored regularly and managed properly. The pond 
manager should assess the system regularly to prevent the adverse effects to the shrimp farms 
and to the environment.
Table 1. Water qualities in Kung Krabaen Bay, culture ponds, harvest ponds and production before and 
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Table 4.  Sediment quantity (thick, cm) in treatment canals around KKB
      Station        Mar-01               Jun-01              Sep-01            Dec-01
           1             2.33±1.2           -0.33±1.7           8.00±2.8            1.33±0.5
           2            -1.00±1.6           -1.00±1.4           0.00±0.0            1.00±1.1
           3             2.33±1.7           5.33±5.4            9.00±5.7            1.67±0.9
           4             1.33±1.9           3.33±1.2            5.33±2.5            1.33±0.2
           5             3.00±1.6           3.00±1.6           19.33±2.4          2.17±0.6
      Station       Mar-01              Jun-01                Sep-01            Dec-01
           1             0.01546           0.00166            0.01910         0.02794
           2             0.00454           0.00022            0.00842         0.03508
           3             0.01042           0.00004            0.02020         0.02490
           4             0.00682           0.00008            0.02338         0.02332
           5             0.00414           0.00076            0.01542         0.01636
Table 6.  Average Girth, Ave Height and percentage of survival of mangrove trees in the experiment tanks 
(June - October 2001 and March 2002)
Table 5.  H
2
S of sediment in treatment canals around KKB (mgH
2
S/soil 1g)
       Jun-01          1                    Ceriops tagal                         15.31                    90.06                93.98
                           2             Rhizophora apiculata              21.55                    70.99               100.00
                           3                  Avicennia alba                   22.26                   114.80              100.00
                           5           Bruguiera gymnorrhiza             19.22                    67.45                94.44
       Oct-01          1                    Ceriops tagal                         16.54                    92.48                81.94
                             2             Rhizophora apiculata              19.93                    73.65               100.00
                             3                  Avicennia alba                   22.46                   131.21              100.00
                             5           Bruguiera gymnorrhiza             20.84                    74.48                95.83
       Mar-02         1                    Ceriops tagal                         18.52                    96.62                81.94
                             2             Rhizophora apiculata              21.39                    78.31               100.00
                             3                  Avicennia alba                   24.07                   137.98              100.00
                             5           Bruguiera gymnorrhiza             22.31                    80.84                95.83
         Date         Plot          Species (Treatments)           Ave Girth            Ave Height        % survival
                                                                                          h (mm)                   (cm)
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Table 7. Water quality before and after treatment by the mangrove trees (low nutrient loading)
before treatment                                                      3.8±0.1            3.0514±0.0738      11.6551±1.6173    26.80±3.83
   after treatment              Ceriops tagal                   2.6±0.4            2.5686±0.2367      11.1965±0.7177    9.46±1.46
   after treatment       Rhizophora apiculata            2.1±0.4           2.7283±0.1094     10.8679±1.9975    6.24±0.37
   after treatment             Avicennia alba                  1.4±0.1           2.5793±0.1934      9.5162±2.0475     5.39±0.38
   after treatment     Bruguiera gymnorrhiza           0.8±0.3           2.5128±0.1665      8.9125±2.4990     4.93±1.40
   after treatment                   Control                        1.7±0.5           2.5559±0.0714      9.5262±2.3042     5.29±0.18
      Treatment          Mangrove Species              BOD                     TN                       TOC                  SS
                                                                             (mg O/l)              (mg N/l)                  (ppm)               (mg/l)
Table 8. Water quality before and after treatment by the mangrove trees (high nutrient loading)
before treatment                                                  51.42+9.68     11.0591+5.3169   106.9388+54.6440   48.13+14.53
   after treatment              Ceriops tagal            31.22+4.22    14.8449+2.8898     48.4348+5.8309     58.48+17.34
   after treatment       Rhizophora apiculata     20.67+7.55    12.6003+3.5077     47.1235+4.8425     43.68+14.51
   after treatment             Avicennia alba           18.89+6.19    12.5359+2.3828     44.5716+5.4892      34.34+7.82
   after treatment     Bruguiera gymnorrhiza    24.33+4.71    14.5991+2.4012     47.6201+4.8076      47.54+8.79
   after treatment                   Control                 25.89+3.45    13.7623+3.0734     51.9442+6.6175      55.67+6.92
     Treatment                Mangrove                  BOD                    TN                        TOC                     SS
                                           Species                  (mgO/l)            (mg N/l)                   (ppm)                 (mg/l)
Table 9. Diameter at breast height and height of trees in permanent plot (Natural Area)
1. Rhizophora apiculata                              12.80               13.06                 3.30                  3.92
2. Rhizophora mucronata                             7.67                10.17                   -                        -
3. Bruguiera gymnorrhiza                            7.93                10.15                 2.07                  2.51
4. Ceriops taga                                             8.76                 6.73                  2.74                  2.71
5. Xylocarpus moluccensis                          12.46                9.60                  2.99                  6.02
6. Xylocarpus granatum                               9.11                 8.50                    -                        -
7. Lumnitzera racemosa                               7.14                 5.71                  2.50                  4.26
8. Lumnitzera liltorea                                   6.75                 6.22                  3.10                  3.49
                   Species                                                    Tree                                       Sapling
                                                            Ave DBH Ave      Height           Ave DBH       Ave Height
                                                                     (cm)                (cm)                 (cm)                  (cm) 
1. Rhizophora apiculata                        224                    329                 1,600                   2,173
2.Rhizophora mucronata                         1                        -                       -                          1
3. Bruguiera gymnorrhiza                       3                        5                      34                       43
4. Ceriops tagal                                       8                       16                  1,239                   1,144
5. Xylocarpus moluccensis                      4                        3                     155                     162
6. Xylocarpus granatum                          1                        1                      17                       19
7. Lumnitzera racemosa                          9                       94                  1,376                   1,479
8. Lumnitzera liltorea                              8                       40                    378                     426
                       Total                                            227                    640                 4,800                   5,717
                       Species                                         Density (Tree/rai)          
                                                              Tree                Sapling          Seedling       Total (Tree/rai)
Table 10. Average density of trees, sapling and seedling in permanent plot (Natural Area)
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Results of research studies in Kung Krabaen Bay (above) indicated that the nutrients of effluents from shrimp 
farms using the seawater irrigation facility have limited impacts. Avicennia alba and Bruguiera gymnorrhiza 
(below) had the best performance among mangrove species tried as treatment for shrimp farm effluents
Results of the studies in Kung Krabaen Bay also suggested that every 2-3 years, the water treatment pond 
and drainage canals should be managed, e.g., excavation of the bottom soil surface, etc.
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VERIFICATION AND REFINEMENT OF INTENSIVE SHRIMP
CULTURE TECHNIQUES: THAILAND
Mitigation Measures of Effluents from Shrimp Farms on
Mangrove and Coastal Resources
Sanchai Tandavanitj
Phuket Coastal Fisheries Research and Development Center
Office of Coastal Fisheries Research and Development Bureau
Department of Fisheries
Thalang District, Phuket 83110, Thailand
Project Site:  Andaman Marine Shrimp Research and Development Center, Phuket,Thailand
BACKGROUND/RATIONALE
More than 80 % of shrimp production of Phuket comes from small-scale intensive farms. 
Most of shrimp farms use direct supply of seawater from the open sea and released effluents to 
canals. The effect of the unlimited effluents from shrimp farms cause deterioration in the coastal 
natural resources and the environment. The effluent quality and loading from marine shrimp 
farms have been studied in Thailand (Songsanjinda and Tunvilai, 1993; Tookwinas et al., 1994 
& 1998). Macintosh and Philips (1992) reviewed the feeding habitats of shrimps and found 
out that 77.5 % of nitrogen and 86% of phosphorus added to the intensive pond are lost to the 
shrimp pond environment and would be decomposed at the bottom of the pond. After harvesting, 
if the effluent is directly drained out to the natural waters it would have a lot of effects on the 
coastal environment, such as deterioration of water quality for aquatic larva surviving near the 
coastal or mangrove areas. Therefore, the mitigation measures of effluent from shrimp farming 
on mangrove and coastal resources should be assessed, in order that the shrimp culture meets 
the coastal or mangrove–friendly schemes.
OBJECTIVES
Assessment of the mitigation measures of effluents from shrimp farming on mangrove and 
coastal resources is necessary in order that shrimp culture meets the coastal or mangrove–friendly 
system requirements.
PROJECT ACTIVITIES
The study was conducted in the shrimp culture system of the Andaman Marine Shrimp Research 
and Development Center in Phuket, Thailand in 2002 and 2003. The water quality conditions in 
the shrimp farm system and the discharge directions treated by seaweed, bivalves such as oysters 
and mussels were regularly monitored. The mitigated volume of seawater in front of the Center 
was also analyzed. The effluents from the shrimp farm system were released to discharged canal 
and sedimentation pond where marine algae (Caulerpa sp and Acanthophora sp), green mussels 
and oysters were cultured during the shrimp culture period. Water samples were collected every 
month from the shrimp ponds, sedimentation pond and from natural seawater in front of the 










The shrimp culture ponds were stocked with shrimps following the protocol and practices promoted 
by DOF Thailand. Water samples were collected from the natural seawater in front of the Center 
and measured every month, as well as in grow-out ponds and sedimentation pond. The results of 





Grow-out pond, 30x30 m2 with super charge aeration
Monitoring the water quality conditions in the shrimp farm system and discharge directions
D r a i n a g e Aeration Drain gate
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Table 1.         Some parameters measured from seawater, grow-out pond and sedimentation ponds
                        Date                                                    Chemical Parameters
                                                     Sal            pH          Alkalinity      DO          BOD           NO
2
-N       NO
3
-N         NH
3
-N         PO
4
3       
                                                                                           mg/l          mg/l          mg/l             mg/l          mg/l             mg/l           mg/l       
Seawater        15/7/02      34.0      8.60         120.5       6.60      2.000      0.0003    0.1049    0.0292    0.0010    
                       16/9/02      33.0      8.30         120.0       6.40      3.500      0.0048    0.0236    0.0358    0.0194    
                       14/10/02    32.0      8.19         124.0       6.70      2.000      0.0034    0.0212    0.0131    0.0119    
                       4/11/02      32.0      8.17         120.8       6.10      1.600      0.0017    0.0032    0.0425    0.0073    
Grow-out pond                                                                                                                                                         
                       19/7/02      28.0      6.45         12.5         5.80      2.100      0.0005    0.0015    0.5695    0.0098    
                       17/9/02      23.0      7.48         38.5         5.40      5.500      0.0158    0.0357    0.9515    0.0154    
                       3/10/02      16.5      7.60         34.5         5.90      9.500      0.0473    0.0486    1.3832    0.0189    
                       6/11/02      20.0      7.55         59.0         5.70      10.500    0.1358    0.1324    1.5764    0.0212    
Sedimentation pond                                                                                                                                                 
                       18/7/02      28.0      6.49         6.0           6.30      1.650      0.0008    0.0925    0.0128    0.0013    
                       19/9/02      20.0      7.20         35.0         6.50      2.200      0.0050    0.0326    0.0432    0.0094    
                       21/10/02    16.0      7.87         21.0         6.40      2.500      0.0045    0.0380    0.0268    0.0023    
                       8/11/02      21.0      7.27         61.0         6.30      2.750      0.0028    0.0320    0.0365    0.0124    
Data of some parameters measured from seawater, grow-out pond and sedimentation pond
Green mussels and oysters cultured in sedimentation pond (left and second from left); students planting 
mangroves along drainage canal (third from left); and Caulerpa sp. culture in sedimentation pond (right)








VERIFICATION AND REFINEMENT OF INTENSIVE SHRIMP
CULTURE TECHNIQUES: PHILIPPINES
 Background Information
Sustainable approaches have been developed by AQD based on results of verification studies it 
had conducted in other sites in the Philippines specifically on growth, survival and production 
of the tiger shrimp, Penaeus monodon using environment-friendly schemes. These approaches 
which include crop rotation, the use of partial and/or zero discharge system, the use of probiotics, 
bio-augmentation or microbial inoculants, and the use of low salinity levels for shrimp culture, led 
to the development of techniques that are useful in arresting the occurrence of luminous bacteria. 
However, the need to further refine the techniques for packaging and dissemination was recognized. 
The pilot demonstration and verification activity in the Philippines is therefore intended to refine 
such techniques.
The closed-recriculating system was tested first at AQD’s Dumangas Brackishwater Station in 
Iloilo, Philippines and later in other techno-demo sites specifically at the Demonstration and 
Training Centers of the Philippine Bureau of Fisheries and Aquatic Resources (BFAR) in Bentig, 
Calape, Bohol; Butong, Taal, Batangas; and La Pacita, Lala, Lanao del Norte. Three ponds owned 
by the private sector were also used in the demonstration activities. The private sector’s involvement 
includes use of their prepared ponds, provision of inputs, life support, etc. while AQD provides 
the technical expertise only.
Verification of the closed-recirculating system for shrimps to further improve the quality and size 
of shrimps at harvest was implemented using partial/low-discharge in intensive, semi-intensive 
and modified extensive systems. Increased involvement of the BFAR Demonstration Training 
Centers in the demonstration activity as well as involvement of the private sector and financing 
institutions has become very eminent. On-the-job training at the AQD site and skills development 





Pacita, Lala, Lanao del Norte
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Technology Verification and Commercialization Division
SEAFDEC Aquaculture Department
Tigbauan 5021, Iloilo, Philippines
Project Sites:     AQD’s Dumangas Brackishwater Station, Iloilo, Philippines
BFAR Demonstration and Training Centers in Butong, Taal, Batangas; Bentig, Calape, Bohol; 
and Pacita, Lala, Lanao del Norte
Ponds owned by private sector in nearby Iloilo towns
BACKGROUND/RATIONALE
International environmental pressure groups call for shrimp importing countries to impose 
a trade embargo against farmed shrimps produced in a manner considered deleterious to the 
environment. In fact, Europe had banned in 2000 the importation of shrimps from some Asian 
countries. The subject of such protest actions included: (1) discharge of substances potentially 
harmful to marine organisms (chemicals used during pond preparation and therapeutants used 
during culture period); (2) discharge of excessive organic load during regular water change and 
harvests; and (3) chemical residues in shrimps harvested and marketed.
In the Philippines, a mandate from the national government was given to SEAFDEC in 1996 to 
rehabilitate the shrimp industry, which almost reached the brink of virtual collapse due to diseases 
brought about by some environmentally destructive practices. Mangrove-friendly aquaculture or 
what is sometimes referred to as the environment-friendly aquaculture was launched by AQD as 
a five-year program starting in 1998. The focus was later changed to shrimp culture and made 
part of the ASEAN-SEAFDEC Fisheries Consultative Group (FCG) collaborative project with 
AQD as Lead Department for technology development and verification, and Thailand as Lead 
Country for promoting the technology within the Southeast Asian region.
OBJECTIVES
AQD’s overriding objective is to develop a sustainable shrimp culture technology packages that 
are friendly to mangroves and the environment. Specifically, the activity aims to:
1. Develop and verify these environment-friendly features or packages;
2. Disseminate the technology packages among the SEAFDEC member countries through 
actual demonstration and training; and
3. Prepare extension manuals/publications that can be used to encourage the adoption of 
sustained shrimp culture techniques.
PROJECT ACTIVITIES
Verification in SEAFDEC ponds in Dumangas, Iloilo and in BFAR Demonstration and 
Training Center Pond Facilities nationwide located in different climatic conditions has 
been conducted from 1998 to the present. Pilot Demonstration in farms of the private sector 
nationwide has been promoted from 2001 to the present.
68  69
Skills Development Sessions were conducted from 2001 to 2002 nationwide to disseminate 
the environment-friendly technology to growers and prospective investors. Starting in 1999, 
annual regular hands-on training sessions have been implemented for graduating fishery students 
and private sector technicians to build a pool of trained manpower for future demand of the 
industry.
In 1998, AQD acquired its own brackishwater ponds in Dumangas, Iloilo for an intensified 
verification and demonstration of grow-out pond culture techniques and hands-on training for 
growers’ technicians and fisheries students. This pond system is now being used as one of the 
sites for the pilot demonstration and verification activity of the Project.
Two schemes are being used in the Project’s activity: (1) Low/Partial-Discharge System and (2) 
Closed-Recirculating System. In the Low/Partial-Discharge System where a small amount of 
the water is discharged from the grow-out pond and released to the sea after passing through the 
settling pond. Water is pumped only once, i.e., from the head reservoir to the grow-out pond.
Under the Closed-Recirculating System, effluents from the grow-out pond is reused or recycled 
after passing through the settling pond. Water is fully recirculated by pumping it twice, first 
from the head reservoir to the grow-out pond and second from the settling pond to the grow-
out pond.
The activity has two components:
Phase I – (2000-2001): Techno-demo and verification in AQD and BFAR facilities
Phase II – (2002-present): On-Farm Techno-Transfer to the industry (private sector)
Phase I: Techno-demo and Verification
Phase I involves techno-demo and transfer strategy using SEAFDEC pond facilities in Dumangas, 
Iloilo and the BFAR-Demo Training Center facilities in Batangas (Luzon), Bohol (Visayas) 
and Lanao (Mindanao). The activities verify and demonstrate the low/partial-discharge and 
closed-recirculating systems for environment-friendly shrimp farming in different climatic 
and environmental conditions. This was complemented by four nationwide skills development 
sessions (SDS).
Phase II: On-Farm Techno-Transfer
Started in 2002, this strategy was in response to requests aired by growers during the nationwide 
SDS. This strategy gained popular acceptance in the Philippines because of its effect of 
accelerating the transfer of the technology to the end users.
The pilot demonstration results (from three ponds of BFAR, two ponds of AQD, and three ponds 
of the private sector) indicated an average harvest of 4500-5000 kg/ha/crop. The economic 
analysis showed that profit margin is highest at modified extensive with stocking density of 5 
pc/m2 at P274/kg, resulting in bigger size shrimp, higher price and minimal expense although 
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ENVIRONMENT-FRIENDLY SCHEMES IN SHRIMP FARMING
The following schemes have been verified through the Project’s activity, and are now being 
disseminated in the other SEAFDEC Member Countries.
1.   Crop rotation
As a sanitary practice, this involves shifting the shrimp ponds to finfish culture in about 
1-2 cropping.
2.   Head Reservoir
A Head Reservoir is used as a source of 
quality water with good plankton profile. 
Sediments and other suspended organic 
solids are settled for about a week in the 
Head Reservoir before using the water. It 
comprises at least 50 % of the total grow-
out pond area.
3.   Tail Reservoir
Serves as treatment pond with biofilters 
(seaweeds, oyster, finfishes, etc.) and 
sedimentation pond with baffle system 
to lengthen the flow of water and allow 
sediments to settle before the water is 
drained-out or recirculated back to the 
grow-out pond. 
4.   Filter Box
A Filter Box is used as mechanical 
filtration to ensure that hosts and carriers 
of pathogens like crustaceans are reduced 
if not eliminated.
5.   Salinity Reduction
Seawater introduced into the culture ponds 
should be adjusted to desired salinity in the 
reservoir by adding freshwater. 
Shrimps grow faster at lower salinity since 
lower salinity also decreases the potency 
of luminous bacteria.
6.   Long-arm Paddlewheel
Diesel or electric motor driven, the 
paddlewheel is used to sufficiently aerate 
and circulate pond water thus creating a 






7.   Biomanipulators
Adult/juveniles tilapia and/or milkfish 
are stocked in the reservoir with standing 
biomass of 1.5-2.5 t/ha and 0.5-1 t/ha 
inside the sludge collectors.
Mucus secreted by the fish is found to suppress 
the proliferation of luminous bacteria.
8.   High Quality Feeds
Feeds should be palatable and stable with 
high protein content and good attractant. 
Less storage duration of the feeds ensure 
freshness of ingredients. Feeds should 
translate to FCR of 1.1-1.4, thus reducing 
waste accumulation in the pond as well as 
the cost of production.
      9.   Sludge Collector
For collecting sludge, sediments, dirt, uneaten feeds, etc. at the center and corner with 
the aid of adequate water circulation. The fishes inside these sludge collectors convert 
most of these wastes into fish flesh.
Center sludge collector – comprises 3-5% of the total grow-out pond area. 
 Corner sludge collector – comprises 2% of the total grow-out pond area.
10. Substrates
Substrates made of PE net and fine mesh 
net are installed in the pond, to increase the 
surface area for attachment of natural food 
organisms thereby increasing the growth 
rate of fry during the first 1.5 months of 
culture. The substrates should be removed 
after 45 days of culture.
11. Bioaugmentation or Microbial 
Inoculants
These factors accelerate degradation of decomposing organic matter in the pond bottom, and 
prevent the proliferation of pathogenic bacteria particularly the luminous bacteria through 
competitive exclusion. These inoculants are able to reduce the luminous bacteria count in the 
pond environment.
Tilapia (above) and milkfish (below) as 
biomanipulators




SHRIMP CULTURE TECHNIQUES: VIETNAM
Background Information
Before the Vietnam War, about 400,000 ha of mangroves existed in Vietnam, distributed mainly in the 
southern part of the country. From that time up to now, the mangrove forest area has decreased greatly 
due to various reasons including the effect of the chemical war, over-exploitation for wood, charcoal 
and firewood, conversion to agricultural land, shrimp ponds, residential area, etc. In 1991, the Vietnam 
Government issued laws on the protection and development of forests, where provisions relating to 
mangrove forest reservation and reforestation have been included.
In the late 90s, about 3.0 ha of coastal area has been allocated to each household for mangrove planting 
(68%) and 32% to be used for shrimp farming. The shrimp farming method used was traditional extensive 
without additional feeding of the shrimp stock. The shrimp production decreased from 200-300 kg/ha/
year in the early 90s to less than 100 kg/ha/year in mid-90s mainly due to non-availability of shrimp 
seeds. Hatchery technology was improved and using the hatchery-produced shrimp seeds, stocking was 
1.0 pc/m2. Attempts were made to improve production by providing the stocks with locally produced 
low-cost feeds. This status was presented during the Workshop on Mangrove-Friendly Aquaculture in 
Iloilo, Philippines in January 1999.
Following the January 1999 Workshop, SEAFDEC/AQD conducted an on-site training on mangrove-
friendly aquaculture at the Research Institute of Marine Products in Haiphong, Vietnam from 19 to 30 
April 1999 in collaboration with the Ministry of Fisheries of Vietnam. The training had 25 participants 
from Vietnam (20) and Cambodia (5). Special funds were provided by the Canadian-ASEAN Centre for 
the participation of Cambodia in the on-site training, which aimed to impart and exchange information 
in aquaculture technology with emphasis on mangrove-friendly aquaculture.
After the on-site training, SEAFDEC decided to include Vietnam as one of the sites for the ASEAN-
SEAFDEC FCG collaborative project on the Promotion of Mangrove Aquaculture in Southeast Asia, 
using a site in Phulong Island, Cathai District in Haiphong. It was understandable that starting in 1999, 
Vietnam tried to adopt mangrove-friendly culture of grouper in addition to the culture of shrimps. But 
since the focus of the FCG project was on shrimps, Vietnam had to implement its activity on mangrove-
friendly shrimp culture using Penaeus monodon





SHRIMP CULTURE TECHNIQUES: VIETNAM
Le Xan
Research Institute for Aquaculture No.1
Marine Aquaculture Research Station
Haiphong, Vietnam
Project Site: Phulong Commune, Cathai District, Haiphong City, Vietnam
BACKGROUND
Vietnam has about 260,000 ha devoted for shrimp culture in early 1999. The total production 
was estimated at about 80,000 tons in 2000, so that productivity was about 300 kg/ha only. 
In 1990–1997, vast areas of mangroves were destroyed by many fish farmers for conversion 
into shrimp culture ponds. The Vietnam Government and local authorities have been trying to 
mobilize and educate farmers for them to refrain from destroying mangroves for shrimp culture; 
and at the same time promote increased shrimp productivity/ha in order to increase profit; and 
generate employment without necessarily destroying the mangroves.
Cathai is an island district in north Vietnam with 12 communes in two islands, Catba and Cathai. 
Phulong Island in Catba Island, has the largest mangrove area. Before 1990, the total mangrove 
area of Phulong was about 2000 ha but in 1998 only about 1200 ha remained, because about 
800 ha had been converted into shrimp ponds.
However, due to lack of technology in shrimp culture especially the semi–intensive pond culture, 
production ranged from 200 to 300 kg/ha/crop, while in extensive ponds, production was only 
50–70 kg/ha/year. Local authorities and the people of Phulong have been expecting to increase 
productivity from shrimp culture. Using the mangrove-friendly shrimp technology modeled by 
the Philippines and Thailand, the objective of the semi–intensive shrimp pond culture activity 
in Vietnam is to obtain 1000–1500kg/ha and to develop a model for an improved shrimp culture 
system.
In the Memorandum of Agreement signed between the Ministry of Fisheries and the Southeast 
Asian Fisheries Development Center for the implementation of the Project in Vietnam, the 
Research Institute for Marine Products (RIMP) in Haiphong was chosen to carry out the 
demonstration activity focusing on the semi–intensive mangrove-friendly shrimp culture in 
Phulong, Cathai District, Haiphong, Vietnam. The ponds used for the Project had a total area of 
about 6.0 ha. Construction of the pond facilities following the Project’s scheme was completed 
in December 1999.
OBJECTIVES
1.   To develop a model of semi–intensive shrimp culture with a production of 1500 kg/ha/
crop;
2.   To demonstrate the growth, survival and production rate of shrimp in semi–intensive ponds 
with mangroves; and
3.   To establish a culture model (target species, culture technology) that can effectively increase 
production from improved extensive shrimp culture in protected mangrove areas.
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PROJECT ACTIVITIES
The Project involved the rehabilitation of an existing pond in the area, 2.0 ha for semi–intensive 
culture and 4.0 ha for improved extensive culture systems. In the two semi–intensive ponds 
(7500 m2 and 8600 m2 water surface), pond I was 3000 m2 with mangroves, while pond II had 
no mangroves. Productivity from the semi–intensive pond was 1500 kg/ha/crop. The results of 
the activity are summarized as follows:
1.   Shrimp Culture (2000)
Pond I                                           Pond II
(With mangroves)                 (Without Mangroves)
A. Technical data
Area                            7500 m2 (4500 in                    8600 m2
Canal, 3500 m2 in forest)
Stocking                      80,000 PL 25                           13,500 PL 25
Stocking day               19/6/2000                                19/6/2000.
Harvest day                 24-29/9/2000                          24-29/9/2000.
Survival rate (%)         51.87                                       36.4 (55.87 including 200 kg of
dead shrimps at the bottom)
ABW (g)                     14.72                                       17.90
Biomass (kg)               610.92                                     878.45 (+ 200 kg = 1078 kg)
Average Price (VND)                                                 76.696 ® 80.002 ®
Gross sale (VND)                                                       46.885.000 ® 70.300.000 ®
B. Harvest summary
Good                           583.92                                     870.45 kg
Super soft shell           2.0                                           3.0 kg
Under size                   20.0                                         0
Reject                          5.0                                           5.0 kg
Dead in bottom                                                           200 kg (Estimated)
Production/ha/crop                                                     814.5 kg 1245.0 kg
1.   Shrimp Culture (2000)
Through the Project, it was the first time for Phulong farmers to obtain shrimp production of 
1245 kg/ha/crop, which was a four-time increase in the average culture productivity at the said 
site. However, since the intake of water is from the sea, investment was more expensive so the 
profit was not much; i.e.; in pond I with mangroves the profit was 754,000 VND, while in Pond 
II without mangroves the income was only 5962 VND, amortization not included. At one point, 
the culture was stopped on 20/9/2000 because the shrimps were dead in the bottom of Pond II. 
In fact, during harvest, many shrimps were dead in the bottom of Pond II (200 kg estimated).
Mangroves in Phulong are small trees and their growth is so dense, so shrimp could not live in 
3000 m2 mangroves. In the pond with mangroves, the pH was always <7.0, water quality was 
bad; the size of shrimp was small, selling price of shrimp from the pond without mangroves 
was lower. In the improved extensive pond there was lack of nutrients for a long time so the 
mangroves die. After the culture, the remaining trees did not grow and were still very small.
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2.   On-Site Training (2000)
The technology has, however, been considered promising so that requests for on-site training 
were received. In 2000, 29 farmers participated in three on-site training courses conducted. 
The session on pond preparation and treatment of new ponds had 10 participants; the training 
on quality of post larvae, transport and stocking had 10 participants; and the training course on 
management and harvest technology had 9 participants.
3.   Shrimp Culture (2001) 
Stocking in 19/3/2001 was at 20 pcs/m2 for semi-intensive and 5 pcs/m2 in improved-extensive. 
Before stocking, juveniles without white spot syndrome and MBV were chosen. The juveniles 
developed normally until 30/4 but after 3 days, there was mass mortality. White spot started in 
many neighboring ponds and was believed to have transmitted to the ponds of the Project. The 
remaining water in the Project pond was then chlorinated at 200 ppm.
Phase II stocking was done on 10/6 at density of 15 pcs/m2, depth of water was 1.2–1.5 m, 
100% CP feeds was used. Shrimps were normal but suddenly mass mortality occurred from 
12/8. Mortality also occurred in the improved-extensive pond then mass mortality followed 1-2 
days in the semi-intensive ponds.
Climate in North Vietnam was unusual in 2001. Normal, low temperatures stopped during the 
end of April. In May 2001 the temperature was low and there was heavy rain. The year 2001 
was the rainiest in North of Vietnam in 15 years. Almost all shrimp culture ponds around the 
area had water depth of below 1.0 m but the condition of the environment changed rapidly. Fry 
quality was bad so the shrimps died even if the project protocol for shrimp pond culture was 
followed. All activities in 2001 had to be terminated.
4.   On-site Training (2001)
In spite of the unsuccessful run, 25 farmers participated in the on-site training courses conducted 
at the Project site. The training on pond treatment, repair and reconstruction had 12 participants, 
while the on pond treatment after white spot disease had 13 participants.
Shrimp harvest from Project in 2002. P. monodon (left) and P. vannamei (right)
Mangroves, in Pulong: short and dense Semi-intensive ponds; with mangroves (right) 
and without mangroves (left)
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5.   Shrimp culture (2002)
Pond 1                                    Pond 2
(1000 m2 mangrove)
A. Technical data
Area (m2)                                    7500 (1000m2 mangrove)           8600 m2
Stocking day                               June 10th                                     May 24th
Stocking                                      120.000                                       90.000
Species                                        P.vannamei                                 P. monodon.
Harvest day                                 October 8th                                 September 10th
Culturing time                             120 days                                     100 days
Survival rate (%)                        43.8                                             39.51
WBV (g)                                     21.3                                             29.3
Biomass (kg)                               1120.0kg                                     1042.0
Average Price/kg (VND)            61,000VND                                65,00 VND
Gross sale (VND)                       68,320,000.00                             67,730,000.00
Production/ha/crop/year             1493.3                                         1302.50
B. Harvest summary.
Good (kg)                                   1082.50                                       1027.20
Super soft (kg)                            3.5                                               2.8
Under size (kg)                           27.0                                             6.0
Reject (kg)                                  7.0                                               6.0
C. Operating cost (VND)
Fry                                              4,500,000.00                               3,500,000.00
Feeds                                           19,310,000.00                             18,296,000.00
Salary, overtime fee                    8,400,000.00                               12.600,000.00
Chemical                                     1,000,000.00                               1,000.000.00
Lime                                            350,000.00                                  350,000.00
Chicken manure                          650,000.00                                  650,000.00
Fuel.                                            8,700,000.00                               6,700.00
Amortization.                              10,000,000.00                             10,000,000.00
Others                                         2,000,000.00                                -
Total                                            54,919,000.00                             53,096,000.00
 Net profit.   13,410,000.00   14,634,000.00
6.   Mangrove Extensive Culture
Mangrove area: 4.0 ha as biofilter and settlement pond was stocked with 500 pc grouper. 
Number of Grouper                                 500
Size of Fry                                               10 cm.
Price of Fry (VND)                                  10,000,000. (5,000,000.00 for 500 pc)
Number of Fish                                        294
Average harvest weight                           518 gm
Price/kg (VND)                                       110,000,000
Gross sale                                                16,752,000.00
Other operating cost (Estimate)               5,000,000.00
Net Profit                                                 6,752,000.00
Total net profit of Project                      34,796,000.00
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7.   On-site Training (2002)
A total of 34 farmers were trained
1)   First group: Training on treatment, repair and reconstruction of ponds after
2 years culture had 12 participants.
2)   Second group training on quality of post larvae of P. monodon and P. vannamei, 
transportation and stocking: 11 participants.
3)   Third training course on management of shrimp farm and white shrimp culture:
11 farmer participants
RECOMMENDATIONS
1.   Although white spot caused heavy mortality on shrimps in 2001, results of 2002 and 
2003 proved that the Project was successful. This technology should be promoted in 
order to achieve a productivity of about 1500kg/ha/crop.
2.   Ponds with mangroves (dense as in Phulong) could not culture shrimp adopting the 
semi-intensive system with high productivity of 1500kg/ha/crop. If water is retained at 
1.2-1.5 m, the trees would die. Therefore, the semi-intensive system should be adopted 
in areas without mangrove areas.
3.   With mangroves, improved-extensive culture could be adopted but pens should be used 
for the free flow of water according to the tide.
4.   The Project serves as a model and the Cathai District authority would like to encourage 
pond owners to invest in order to improve and upgrade their shrimp productivity and at 
the same time preserve the 1200 ha area of mangroves. 
5.   The successful culture of white shrimp (P. vannamei) confirmed the capability of the 
development of the culture of news species, and hence may be promoted.
6.   In semi-extensive, we could culture many fishes, i.e. grouper, crab, in order to gain 
economic effectively and diversity of products.
7.   The Project should continue organizing training courses on-site for the farmers to learn 
the techniques that would enable them to build, improve, culture, harvest aquatic species 
and at the same time preserve the mangroves.
EXPANDING THE PROJECT: (MULTIPLIER EFFECT)
Based on the results of the project, nine (9) pond owners near the Project site area and many 
pond owners from another commune and other rural districts have learned the protocol used 
in the Project. Therefore, the Government of Vietnam decided to invest 100 ha for industrial 
culture (productivity 4-5 tons/ha) in the area without mangroves in Phulong in order to create 
jobs, raise the living standard of the people and contribute in the protective use of mangroves.
Semi-intensive shrimp pond with water flowing through a pen (left) and shrimp harvest from the Project 
ponds in 2000 (right)
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VERIFICATION OF SEMI-INTENSIVE
SHRIMP CULTURE TECHNIQUES: MYANMAR
Background Information
Shrimp culture using the primitive practice of “Trap and Hold,” commenced in the 1980s in 
Myanmar particularly at the upper part of the country’s coastal area. About 100 kg of shrimp/ha/
year was possibly produced by this method. Wild fry were stocked with minimum operational 
cost as the ponds were operated by a number of families. But such little amount from shrimp 
production has contributed to the major income and livelihood of the rural people. Semi-intensive 
system of shrimp culture was introduced in 1997 at Yangon Division, Ayayerwady Division 
and Tanintharyi Division with successful results, in farms operated by four shrimp farmers. 
Statistical data showed that 67,446.97 acres (26,978.8 hectares) of shrimp pond areas already 
existed in the whole country in the year 2000 and almost all practice the traditional or very 
extensive culture methods.
Thus Myanmar, in terms of shrimp aquaculture development, was left behind compared to some 
other Asian countries. This is because the country although endowed with fishery resources, its 
people rely on easy harvest from the wild and were not very much interested in aquaculture. 
Added to this is the fact that there was no available technology, to speak of, such as biotechnology 
and probably there was insufficient financial support.
Myanmar became a SEAFDEC Member Country in 2001 and after some negotiations made 
between SEAFDEC/AQD and the Department of Fisheries (DOF) Myanmar, an agreement to 
implement Mangrove-Friendly Shrimp Culture Project in Myanmar was signed in 2002. At this 
time, Myanmar particularly in Yangon Division had severe outbreak of white spot disease and it 
was a critical moment for the DOF Myanmar to solve the problem with alternative established 
technology. Thus, discussions were made between DOF Myanmar and SEAFDEC/AQD for 
the conduct of a demonstration activity on Mangrove-Friendly Shrimp Culture in order to 
counter challenge the white spot disease problem. The project site was selected in a DOF owned 
shrimp culture compound near the shrimp culture zone in Yangon Divison where eleven private 
companies have been culturing shrimps using the semi-intensive/intensive system.




SHRIMP CULTURE TECHNIQUES: MYANMAR
Minn Thame
Department of Fisheries
Ministry of Livestock and Fisheries
Yangon, Myanmar
Project Site:    Kyauktan, D.O.F. Shrimp Culture Compound, Yangon, Myanmar
BACKGROUND
In the year 2000, the Ministry of Livestock and Fisheries reinforced and encouraged many 
potential investors to be involved in the shrimp aquaculture development in the country. At 
the same time, the Union of Myanmar formed a State Level Committee to promote a drastic 
development of the shrimp aquaculture industry by formulating a three-year concept plan from 
May 2000 to May 2003 with a target to develop 120,000 acres (48,000 hectares) of shrimp 
pond areas at the end of the target period. Since then a lot of potential investors were involved 
in shrimp aquaculture practicing semi-intensive and intensive type of shrimp farming. As of 
May 2003, the data on shrimp culture ponds in terms of area and culture systems are shown in 
the following table:
             Culture System                                         Area (acre)                     Area (ha) 
             1. Extensive                                                169436.84                          67774.7 
             2. Extensive-plus                                        25202.89                            10081.1 
             3. Semi-intensive/intensive                        5321.46                                2128.6 
             Total                                                           199961.19                          79984.4 
In 2002, some shrimp farms practicing semi-intensive/intensive system had successes but some 
encountered white spot disease occurrence resulting in great losses. The disease had devastated 
many farms in Yangon Division, paralyzing the shrimp industry development. In Yangon, the 
water is very turbid and the farms are near the urban waste dumping area.
Through the Project, three areas were surveyed in February 2001 to determine the level of 
shrimp technology that Myanmar has developed for shrimp farming. The three areas were: (1) 
Thi La Wa Shrimp Culture Zone (Kyauktan Township); (2) Chaungta (Kyauktan Township); 
and (3) Ngwe Saung area. Results of the survey were used to identify the areas that could be 
used for the Project:
(1) Without Mangroves: The farms in Thi La Wa Shrimp Culture Zone, but since the existing 
pond designs do not provide treatment pond for effluents, it was necessary to redesign 
the ponds, to make sure that all discharges would not be drained into the adjoining canals 
that also supply water back to the culture ponds.
(2) With Mangroves: The farms owned by the Comrades Group in Chaungtha, where the 
operator was willing to allocate some areas for the Project.
OBJECTIVES
The activity was envisioned to come up with the following:
(1) Refined and verified mangrove-friendly shrimp culture techniques for pilot demonstration 
throughout the country; and
(2) Trained manpower.
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Through the Project, the disease problem in Myanmar was solved by demonstrating the 
environment-friendly shrimp culture technique, as has been well experimented and established 
by SEAFDEC/AQD through the Project.
PROJECT ACTIVITIES
The demonstration of the environment-friendly shrimp culture technique was done in two 
earthen ponds in Kyauktan Township, Yangon Division.
Culture pond
Pond No. 1                                                      1.4 acre (0.5 ha)
Pond No. 2                                                      1.8 acre (0.72 ha)
Reservoir pond
Reservoir No. 1                                              1.0 acre (0.4 ha)
Reservoir No.2                                               0.5 acre (0.2 ha)
Net Pen for Tilapia stocking                           one inch mesh size polyethylene net
15m x 15m x 2m (h) stocked with 2500 tilapia of 8-10 cm 
body length
The existing grow-out ponds were renovated by removing the sludge and the pond bed was 
leveled. The ponds were then treated with lime and sun-dried. Organic fertilizers such as chicken 
manure and some compound organic fertilizers were introduced in the ponds at the rate of 0.5 
mt/ha and filled up with seawater from reservoir No.1 into which thousand pieces of tilapia 
at 8.0 cm were stocked. Reservoir No.2 served as a sedimentation pond for turbid water. The 
seawater intake passes through a sand filter made up of marine plywood, and after one week, 
the pond water transparency was maintained at 35 cm. Six (6) paddle wheel sets, installed in 
each pond, were operated continuously and alternatively.
During the culture operation, no sign of disease occurrence, deficiency nor abnormalities were 
found. Data on growth of shrimp, feeding regime, amount of feed used were monitored every 
two weeks and summarized as follows:
A. Pond No. 1
Area                                                               0.5 ha (1.4 acre)
Initial stocking                                               300000 (60 pc/m2)
(11 February 2002)
Water parameters
1.    salinity                                             18.5 ppt
2.    pH                                                    8.3
3.    Transparency                                   35 cm
4.    Ammonia                                         0.07 ppm
5.    Average temperature                        28°C
Total amount feed and brand                         5600 kg (CP feed)
Total harvested shrimp                                   4000 kg
Survival rate                                                   58%
Day of Culture                                               111 days
Size at harvest                                                57 pc/kg
FCR                                                                1.8
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B.          Pond No. 2
              Area                                                             0.72 ha (1.8 acre)
              Initial stocking                                           450000 (62 pc/m2)
                                                                 (11 February 2002)
              Water parameters
                             1.   salinity                                                      21 ppt
                             2.   pH                                                                  8.4
                             3.   Transparency                                            40 cm
                             4.   Ammonia                                             0.15 ppm
                             5.   Average temperature                                   28°C
              Total amount feed and brand                      9022 kg (CP feed)
              Total harvested shrimp                                               7100 kg
              Survival rate>100%
              Day of Culture                                                           104 days
              Size at harvest                                                           44 pc/kg
              FCR                                                                                  1.27
C.          Summary on cost and return
              Operation cost                                                         24718858-ks
                       SEFADEC AQD contribution                        15346023-ks
                       DOF contribution    9372835-ks
              Total return                                                              36269960-ks
                       Sale from harvest shrimp from 2 ponds         35166700-ks
              Sale of material                                                         1103260-ks
                       Net profit                                                        11551102-ks
STUDY VISIT TO THE TECHNO DEMO FARM
The Project activity showcases and demonstrates environment-friendly shrimp culture to local 
shrimp farmers, especially at the time when majority of shrimp farms had the problem of white 
spot disease that resulted in major losses in terms of money. So the Ministry of Livestock 
and Fisheries-Department of Fisheries arranged for the local shrimp farmers and shrimp farm 
companies to visit and study the environment-friendly shrimp culture technique at the Project 
site. A number of farmers and potential farmers who came to visit the site were happy to see 
the successful culture operation, and became interested in the technology especially during the 
period of severe outbreak of white spot disease. Professors, lecturers and university students 
also visited the Project ponds.
RECOMMENDATIONS
1.   The environment-friendly shrimp culture technology, which was successful especially during 
the peak period of white spot disease outbreak, should be promoted.
2.   The use of tilapia, as a tool for buffering and elimination of sludge, showed that the pond 
bottom was clean and there was no more sludge after harvest indicating that such technique 
is more suitable than the closed system.
3.   During culture period, only partial water fill-up and draining may be done to lessesn the 
cost and enhance energy minimization.
4.  The Techno Demo operation was conducted with high stocking density, such as 60 pcs/m2 
and 62 pcs/m2 thus, further demonstration should be operated with low stocking density 
such as 30-40 pcs/m2.
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 Operation Cost                                                                               
 SEAFDECAQD Contribution                                    Ks 2,625,000 
 1. cost of post-larvae                                                                         
 2. cost of feed                                                                                   
    a) Pond II 9022 kg                                                         6,315,400 
    b) Pond I 5600 kg                                                          3,920,000 
 3.Machineries                                                                      898,500 
 4.Utensils                                                                          1,587,123 
        Subtotal                                      Ks 15,346,023                      
 DOF Contribution                                                                             
 1. fuel 1,200 gals                                                            Ks 650,000 
 2. engine oil 20 gals                                                               50,000 
 3. salaries and visa extensions                                              771,870 
 4.pond preparation, paddled, engines, etc.                      7,021,405 
 5.Labor cost 7000x4x5 months and other                           240,000 
 6.Harvest Cost                                                                     360,000 
 7.Miscellaneous                                                                   279,560 
        Subtotal                                      Ks 9,372,835                        
        TOTAL                                       Ks 24,718,858                      
 Total Return                                                                                   
 1.Culture pond I                                                         Ks 9,196,000 
 2.Culture pond II                                                            25,970,700 
 3.Sale of used materials                                                    1,103,260 
        TOTAL                                       Ks 36,296,960                      
 Net profit                                                                  Ks 11,551,102 
 
5.   Closed type or re-circulation system may be more effective, however, the technology may 
be more complicated because of the use of bio-filters like finfish, seaweeds and mollusk or 
oyster, but the environment-friendly shrimp culture practiced in Myanmar is more simple 
and easier for other shrimp farmers to adopt.
6.  This type of Techno Demo farming should be 
widely conducted in all possible areas of the 
country as an on-going activity.
Cost and Return of Demonstration Activity
The Project’s Pilot Demo in Myanmar
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VERIFICATION OF SEMI-INTENSIVE
SHRIMP CULTURE TECHNIQUES: CAMBODIA
Background Information
The level of technology of shrimp culture in Cambodia has been observed to be prevalent 
among the private sector in areas closely bordering Thailand particularly in Khok Kung. The 
influence of the Thai shrimp culture technology in Khok Kung is partly visible compared to 
Kampot, which appears to have lagged behind interms of brackishwater aquaculture. In these 
areas, shrimp culture farms have stopped operating momentarily for various reasons, including 
the recent political conflict between Cambodia and Thailand that reportedly limit access to the 
much needed materials and supplies, technical manpower and market. Also, there has been 
reported low salinity due to torrential rains as in the case of Khok Kung and lack of funds and 
technology as were prevalent in Kampot.
For the implementation of the Project in Cambodia, two sites operated by the private sector were 
identified during the site visit in September 2003: (1) the Kbalromeas Farm in Tropaing Saingke 
Commune in Kampot; and (2) Porn Marina Farm in Neang Kok, Pak Long Mondelsyma in 
Khok Kung. Upon further discussion and negotiations with the operators, it was agreed that the 
Kbalromeas Farm in Kampot be used for the demonstration activity of the Project in Cambodia. 
The pond facilities would comprise 1.0 ha for grow-out and another 1.0 ha for reservoir.
The Memorandum of Agreement between the Department of Fisheries of Cambodia and 
SEAFDEC for the implementation of the Project activities in Cambodia, which was prepared 
in November 2003 is expected to be signed by both parties in January 2004. This will enable 
the Project to take off in Cambodia not later than January 2004.
The Project’s Proposed Pilot Demonstration Site in Cambodia
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RESEARCH ACTIVITIES
In order to refine environment-friendly shrimp culture techniques that are known to be successful, 
two research activities have been implemented under the Project from 2000 to 2003. These are: 
Nutrient Cycles: Nutrient dynamics in culture ponds; and Capacity of mangroves to process 
shrimp pond effluents: mechanisms of nutrient assimilation. In addition, one more research 
study was started during the later part of 2003, the Evaluation of Probiotices/Waste Digesters 
used for Grow-out Culture of Penaeus monodon, while another research study was proposed for 
implementation in 2004 as recommended during the June 2003 Regional Seminar-Workshop: 
Total Economic Benefits of Mangrove-Friendly Shrimp Culture.
The study on Nutrient Cycles has been promoted in order to provide basis for understanding the 
complex inter-relationships of the bio-physico-chemical processes occurring in the pond. Initial 
findings have attributed the declining productivity in shrimp ponds to the deteriorating quality of 
pond inlet waters and the indiscriminate dumping of organic loads in inlet and drainage canals 
that go back to the body of water used as pond water for the shrimp culture, and inefficient 
water quality management in ponds.
The research on the Capacity of Mangroves to Process Shrimp Pond Effluents is a significant 
study considering that mangroves could be integrated as part of the whole shrimp culture 
system. It is a fact that 90% of the nitrogen is processed by the bacteria in the mangroves, while 
mangrove roots are oxygen transporters so that 90% mineralization by bacteria is actually part 
of the mangrove system.
These research studies are conducted at AQD’s Dumangas Brackishwater Station in Iloilo, 
Philippines.
AQD’s Dumangas Brackishwater Station, 








Site of Activity: AQD’s Dumangas Brackishwater Station, Dumangas, Iloilo, Philippines
BACKGROUND /RATIONALE 
The general over-development of aquaculture had profound disturbance on the surrounding 
ecosystem, affecting, not only fisheries, but aquaculture itself through release of effluent loaded 
with nutrients into open waters leading to eutrophication and deterioration of water quality. 
Shrimp aquaculture is one of the fastest growing economic activities in the Asia-Pacific region, 
where almost 80% of the world production of farmed shrimp occurs, but has slowed down 
recently for a number of reasons. These include eutrophication of coastal waters, mangrove 
destruction, stock losses due to disease outbreaks, primarily as a result of unrestricted expansion 
and environmental problems from mismanagement and over intensification (Phillips et al., 1993). 
Estimates of N and P quantities (95% of the N and 71% of P) entering waterways from shrimp 
pond indicate most of the materials originate from the added feeds and fertilizer, hence, water 
and soil quality in pond become a balance between metabolites pond inputs, shrimp wastes and 
on water exchange (Briggs & Smith, 1994 (Macintosh & Phillips, 1992; Briggs & Funge-Smith, 
1994). Feed input is the major factor that causes deterioration of pond bottom and water quality 
(Boyd, 1992). Several processes may limit eutrophication by improving shrimp feed stability 
through extrusion, adoption of biofilters and bioaugmentation with the use of commercially 
available “waste digester” and “probiotics” through bacteria mineralization.
OBJECTIVES
1.   To re-validate SEAFDEC diet for shrimp as cost-effective and environment-friendly feed 
based on growth, survival, and feed conversion ratio in an integrated closed recirculating 
intensive farming system (ICRIFS).
2.   To study the nutrient dynamics, environmental impacts and quantify waste inputs resulting 
from ICRIFS. 
3.   To determine primary productivity in ICRIFS and characterize plankton profile, 
dominance and their absorption/resorption capacity in sequestering nutrients from 
culture waters and effluents.
4.   To determine the total bacterial count to include luminous bacterial counts in culture 
waters and sediment.
5.   To evaluate absorption capacity of seaweeds (Gracilaria) and bivalves (green mussels, 
“imbao”) as biofilters to absorb nutrients and other suspended particles from ICRIFS 
effluents.
6.   To develop a pond recirculating system with reduced to zero water exchange by 
employing improved aquaculture pond engineering and design.
DESCRIPTION OF ACTIVITY 
SEAFDEC formulated shrimp diet evaluated in Phase I of this study is being validated under 
actual (pond) conditions. The nutrient budgets of the pond and environment are assessed in a 
completely block experimental design with 3 replicates. P. monodon juveniles (PL15-25) are 
stocked and reared at 30 pc/m2.
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Effluent management employs the integration of seaweeds (1.0 kg/m2), bivalves and fish (15 pc/
m2) in a closed recirculating water system. Twelve units of 225 m2 (effective area) earthen ponds 
are used each assigned to shrimp, bivalves, “green water”, seaweeds, and sedimentation. Diets 
are analyzed for proximate analysis and water stability prior to use and for feeding management. 
Nitrogen fractions, phosphorus and carbon content of shrimp, seaweeds, bivalves, pond inputs 
(fertilizer, feed), output (uneaten feed and wastes), culture water, water (inlet-outlet) and sediment 
are analyzed before, during and after culture. Total bacterial counts of rearing/receiving waters 
and sediment of P. monodon, seaweeds, and bivalve ponds are monitored in similar manner of 
sampling to that of measuring nutrient budgets. Accordingly, transparency reading and samples 
for plankton analysis are also monitored. Bi-weekly sampling of stock is done for feed adjustment 
and to determine growth, survival and feed efficiency.
Field studies were carried out by processing shrimp pond effluent in closed-recirculating 
constructed in modular form with biological treatment for nutrient removal that would keep 
“clean” water. A quantitative estimate of the physical and biological processes of nutrients from 
shrimp ponds to treatment ponds was made possible by comparing their discharge. Significant 
changes in discharges of nutrients occurred as they pass through the treatment ponds and canals. 
Although, the amount of nutrients discharged is in tolerable amount there could still be a “missing 
link” to be performed in order for the excess nutrients to be completely mineralized into available 
form and be utilized. The use of “waste digester” to progress mineralization/bioremediation and 
employment of “probiotic” for bioaugmentation and control of luminous bacteria are just one 
of the priority works to be done in the extension of the study. 
The nutrient dynamics in an integrated closed recirculating intensive shrimp farming system 
(ICRIFS) will be further evaluated by determining, through mass balance, quantification and 
measurements of budgets for nitrogen, phosphorus and other dissolved minerals (nitrogen 
fractions) from inputs (feed, fertilizers, and other pond inputs) and nutrient retention in pond 
components like shrimp, fish, seaweeds, bivalves, rearing and receiving water, soil sediments 
as well as nutrient losses from uneaten feed, shrimp waste and metabolites. This experiment 
will continue during the extension phase of the Project.
The experimental set-up (below) at Dumangas Brackishwater Station: 225 m2 ponds (12 units), 
6 units each for shrimps, 3 units for bivalves/tilapia and sedimentation pond, is shown in the 










Main Source of culture 
water
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       Treatment                         Bivalve: Imbao                                             Remarks 
               I                       Oysters on bamboo platforms                     WITHOUT “imbao” in the
                                        planted right at the mouth of                   shrimp pond planted after 60 
                                     shrimp effluent discharge pipes.                                     DOC 
               II                      Oysters on bamboo platforms                   WITH “imbao” in the shrimp
                                          planted right at the mouth                                        pond
                                    of shrimp effluent discharge pipes 
                
              III                      Oysters on bamboo platforms                   WITH “imbao” in the shrimp
                                    planted all over the biofilter pond.                                  pond
                
The experimental set-up of the study: 12-units (225m2 earthen ponds)
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RESULTS AND CONCLUSION:
The impact of the exponential rise in shrimp farming on the whole ecosystems is not limited to only 
mangroves. The second major drawback in substituting shrimp ponds for mangrove habitat is that 
there is evidence that mangroves and marshes provide critical substratum and protective cover for at 
least some species of juvenile shrimp. The rapid rise in farm-raised shrimp production can however, 
be attributed to new construction of ponds and absorption of new farming practices. Using a closed 
recirculating system with simple biological treatments (tilapia, seaweeds, and bivalves) could lead to 
the reduction in luminous bacterial count.
In this research study, the luminous bacterial count was reduced from 7.5x102 cfu/ml to zero in the 
culture water and in the sediments from 1.0x101 cfu/g to zero. The total N and P concentrations 
in culture water decreased from 33-92% and 6-33% while the amount in the sediments reduced 
from 27-56% and 25-50%, respectively, which was attained by passing shrimp pond effluents 
from one compartment to another. Among the three treatments used in the study, Treatment 1 
is the recommended design that fish farmers could adopt. The stocking of 15 pcs of fish and 
15 pcs of oysters per m2 is enough to “clean” and maintain good pond water-soil quality for a 
closed recirculating system growing 30 shrimps/m2 as the ideal stocking density. Replenishment 
of equal volume of water to compensate for losses by evaporation in summer months is a must 
at least once a month. During wet or rainy season, spilling of the excess rainwater should be 
done to avoid sudden drop of water salinity to as low as 10 ppt.
The growth response, feed efficiency and biomass of Penaeus monodon, tilapia, oyster and 
seaweeds fed the experimental diets in the research study conducted for 120 days of culture 
(DOC), are shown in Table 1.
Table 1. Growth response, feed efficiency and biomass of Penaeus monodon, juvenile, tilapia, oysters and 
seaweeds fed the experimental diets
                                                                         % Survival
                                           Shrimp                      Tilapia                       Oyster
Treatment I                           44.00                        32.00                         75.00
Treatment II                         39.10                        29.00                         62.00
Treatment III                        39.75                        35.00                         68.00
                                                           ABW (g)                                      FCR
                                           Shrimp                      Tilapia                             
Treatment I                           23.93                        50.00                          2.28
Treatment II                         23.44                        38.88                          2.50
Treatment III                        22.94                        35.71                          2.59
                                                      Biomass (kg) after 120 DOC
                               Shrimp               Tilapia              Oyster          Seaweeds
Treatment I               70.19                   54.70                403.10               36.73
Treatment II             62.00                   38.60                384.40               36.15
Treatment III            61.62                   42.50                421.45               33.05
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After 120 DOC and monitoring, the culture water, sediments and that of the animal tissues showed 
net discharge of nutrients as shown in Table 2. Remarkable decrease of total phosphorus (TP) 
from the shrimp pond (0.20 ppm) to the biofilter pond (0.19 ppm) and the sedimentation pond 
(0.11 ppm) finally filtered by seaweeds in the canal (0.08 ppm) was observed in Treatment III 
compared to Treatments II and the control, 0.47-0.19 and 0.33-0.16 ppm, respectively.
Total nitrogen (TN) content of the culture water was evident in Treatment I (3.8-3.2 ppm) unlike 
in the control (5.5-3.8 ppm) and Treatment II (4.7-3.5 ppm). The nutrients were practically 
reduced to a safe level and thus could be pumped back to the shrimp pond. Thus, the integration 
of algae, fish and sedimentation-settling pond is an effective biological process for the treatment 
of shrimp farm effluents.
Table 2. Net discharge and descriptive pattern of nutrients and their fate from an intensive culture of shrimp
               
A: Tissues              Shrimp               Tilapia              Oyster          Seaweeds
Initial Content           9.88                    10.24                  7.58                  1.65
Treatment I               12.53                   11.39                  7.78                  2.35
Treatment II             11.86                   10.38                  7.58                  2.12
Treatment III            11.56                   10.35                  7.22                  2.05
Total nitrogen (TN) concentration in the sediment decreased by 33-92% when the effluents from 
shrimp ponds of each treatment was made to pass from one treatment pond to another. This 
accounts for the reduction of TN concentration in culture water by 27-56% after the shrimp pond 
effluents of each treatment were made to pass through the biological treatments provided.
B:Water             Shrimp Pond        Biofilter          Settling              Canal
                           Initial   Final    Initial  Final    Initial   Final   Initial   Final
Treatment I          0.16    0.375      0.18    0.496    0.205    0.481   0.250    0.210
Treatment II        0.12    0.485      0.36    0.652    0.482    0.520   0.485    0.480
Treatment III       0.17    0.241      0.29    0.554    0.291    0.452   0.402    0.300
C: Soil                Shrimp Pond        Biofilter          Settling              Canal
                           Initial   Final    Initial  Final    Initial   Final   Initial   Final
Treatment I         0.140   0.150     0.120   0.140    0.150    0.200   0.095    0.180
Treatment II       0.270   0.310     0.210   0.280    0.180    0.310   0.056    0.220
Treatment III      0.130   0.330     0.090   0.300    0.270    0.480   0.049    0.350
A: Tissues              Shrimp               Tilapia              Oyster          Seaweeds
Initial Content          0.061                   0.073                 0.076                0.025
Treatment I               0.078                   0.092                 0.098                0.041
Treatment II             0.065                   0.084                 0.082                0.035
Treatment III            0.054                   0.081                 0.086                0.033
Percent TN detected in the animal tissue (A), culture water (B) and in the sediment (C)
Percent TP detected in the animal tissue (A), culture water (B) and in the sediment (C)
C: Soil                Shrimp Pond        Biofilter          Settling              Canal
                           Initial   Final    Initial  Final    Initial   Final   Initial   Final
Treatment I          0.11     0.18       0.11     0.14      0.11      0.12     0.04      0.06
Treatment II        0.09     0.28       0.12     0.21      0.13      0.20     0.06      0.16
Treatment III       0.12     0.22       0.13     0.16      0.09      0.14     0.05      0.11
B:Water             Shrimp Pond        Biofilter          Settling              Canal
                           Initial   Final    Initial  Final    Initial   Final   Initial   Final
Treatment I         0.002   0.035     0.001   0.028    0.003    0.012   0.001    0.008
Treatment II       0.003   0.047     0.002   0.035    0.001    0.025   0.001    0.016
Treatment III      0.002   0.065     0.001   0.054    0.002    0.048   0.002    0.032
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Similarly, TP concentration in the culture water was reduced by 25-50% after the effluents from 
the shrimp ponds of each treatment was made to pass through the biological treatments provided. 
Subsequently, TP concentration in the sediments reduced by 6-33% when the effluents from 
shrimp ponds of each treatment was made to pass from one treatment pond to another.
Results (Figure 1) showed a reduction in luminous bacteria from 7.5x102 cfu/ml to zero in 
the culture water. The luminous bacterial count also reduced from 1.0x101 cfu/g to zero in the 
sediments.
Total bacterial count obtained culture water (X = culture period, days; Y = log 10, cfu/ml).
Total bacterial count obtained in the sediment (X = culture period, days; Y = log 10, cfu/ml).
Fig. 1 Bacterial count data
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Luminous bacterial count obtained in culture water (X = culture period; days; Y =  log 10, cfu/ml).









































Table 3. Nitrogen fractions and water parameters ranges




 (ppm)         Shrimp pomd             0.20                   0.19                  0.20
                          Biofilter pond             0.12                   0.24                  0.14
                          Sedimentation             0.17                   0.15                  0.14
                            Pond Canal               0.10                   0.13                  0.12
NH
4
 (ppm)        Shrimp pomd             1.90                   1.40                  1.40
                          Biofilter pond             1.10                   1.30                  1.30
                          Sedimentation             1.10                   1.80                  1.80
                            Pond Canal               1.00                   0.80                  1.00
NO
2
-N (ppm)    Shrimp pomd            <0.01                 <0.01                <0.01
                          Biofilter pond            <0.01                 <0.01                <0.01
                          Sedimentation            <0.01                 <0.01                <0.01
                            Pond Canal              <0.01                 <0.01                <0.01
NO
3
-N (ppm)    Shrimp pomd            <0.01                 <0.01                <0.01
                          Biofilter pond            <0.01                 <0.01                <0.01
                          Sedimentation            <0.01                 <0.01                <0.01
                            pH        Salinity      Temp       Depth        D.O.            Turb
                                             (ppt)          (ºC)           (cm)        (ppm)          (cm) 
Canal 1             7.4-7.6    23.0-14.0   29.4-28.0        72             6.2         30.0-25.0
Canal 2             6.8-7.5    25.0-16.0   29.5-28.0        77             5.7         40.0-30.0
Canal 3             7.0-7.8    25.0-15.0   29.7-28.0        75             6.2         40.0-30.0
                            pH        Salinity      Temp       Depth        D.O.            Turb
                                             (ppt)          (ºC)           (cm)        (ppm)          (cm) 
Treatment I       7.2-7.8    23.0-14.0   27.9-28.0  75.0-90.0  6.5-10.6     30.0-35.0
Treatment II     7.5-8.2    25.0-16.0   27.9-28.0  72.0-90.0   6.4-9.6      30.0-40.0
Treatment III    7.0-7.8    25.0-15.0   27.9-28.0  70.0-80.0   6.3-9.8     30.0-35.0
The plankton profile (Figure 2) of each treatment did not differ much as the water was made 
to pass from one compartment to the other. This was true for all treatments. Chlorella was the 
most dominant followed by Lyngbya, Copepod, Melosira, Nitzchia, Brachionus and Navicula. 
This could have been the main reason for having good green water coloration throughout the 
experimental period. 
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Site of Activity: Barangay Bugtongbato, Ibajay, Aklan Province, central Philippines
BACKGROUND/RATIONALE
Shrimp culture has been criticized for causing mangrove loss and discharging effluents laden 
with chemicals, organic matter and nutrients into waterways. Hence the SEAFDEC Council 
mandated SEAFDEC/AQD to undertake studies that integrate aquaculture with mangroves. Thus, 
the Mangrove-Friendly Shrimp Culture Project follows two models: (a) the use of mangrove 
forests as filters to process effluents from intensive culture ponds, and (b) aquasilviculture which 
integrates low-density culture of crabs, etc. with mangroves. Worldwide only a few projects 
to date have tested mangroves as nutrient filters, hence the need to focus on this property of 
mangroves.
OBJECTIVES
The main objective of the study is to assess the capacity of mangrove forests to process aquaculture 
pond effluents, including microbial impacts. The specific objectives are to: (a) compare physico-
chemical and microbial parameters as seawater from a source creek, is conditioned in a reservoir, 
used in a shrimp pond, then treated or filtered by a mangrove system; (b) monitor changes in 
levels of dissolved and particulate wastes at given intervals after draining into the mangrove 
system; (c) make a first order estimate of the mangrove area required to process N wastes from 
a given pond area; and (d) determine the effect of pond effluents on the growth and structure 
of natural and planted mangroves.
DESCRIPTION OF ACTIVITY
The performance of constructed mangrove wetlands (CMW) and natural, impounded mangrove 
wetland (IMW) in treating aquaculture wastes was evaluated. Six 265-m2 CMWs were 
constructed at AQD’s Dumangas Brackishwater Station (DBS). Seedlings of the mangroves 
Avicennia marina, Sonneratia alba, and Rhizopora mucronata/R. stylosa were planted in two 
CMWs each. The original intention was to pass effluents from a DBS shrimp pond through 
the CMWs prior to discharge to the bay, and monitor the biological, physical, chemical, and 
bacteriological changes, and effects on mangrove growth. However, no effluents were available 
for the study and therefore no results are reported.
For the IMW study, a natural mangrove forest in Bugtong Bato, Ibajay, Aklan, central Philippines 
was selected as experimental study site, the layout of which is shown in Figure 1: (a) Reservoir 
(1,480 m2, estimated water area 888 m2) – a few mangrove Avicennia officinalis/A. rumphiana 
trees and Nypa fruticans clumps; (b) Shrimp Pond or SP (880 m2) – water circulation provided 
by 10 airlift pumps (38.5±0.5 Lpm each); (c) Impounded Mangrove or IM (320 m2) – temporary 
dikes constructed around a portion of the natural mangrove to retain water for sampling.
Following SEAFDEC/AQD’s protocols the Shrimp Pond was drained, dried and fertilized with 
lime, chicken manure, urea and teaseed powder to grow natural food and eliminate pest species. 
Both Reservoir and Shrimp Pond were stocked with milkfish as “biomanipulators” following 
the green water technique. After one week, shrimp Penaeus monodon postlarvae (checked free 
of luminous bacteria Vibrio sp. and White Spot Syndrome Virus) were stocked at 25/m2.
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Commercial feeds (40%) were given at 8%-4% BW with six feeding trays used to monitor 
excess feeds. Shrimps were sampled regularly for length-weight measurements and harvested 
after 5 mo. Two runs were conducted – Run 1 (26 June-1 December 2001) and Run 2 (25 June-
16 November 2002). Every spring tide, sea water from the Creek was allowed to flow into the 
Reservoir, conditioned for at least 12 h, pumped to the Shrimp Pond where it was used for 1-5 
d then drained to the Impounded Mangrove and retained for at least 12 h before releasing back 
to the Creek (Fig. 1). Physico-chemical parameters were monitored 1-2x monthly – salinity, 






-P, and sulfide. For bacterial 
monitoring, water samples were collected from Shrimp Pond, Reservoir and Creek in three 
locations, while soil samples of approximately 100 g were collected from the upper 5 cm layer 
of the same areas. Bacteria were isolated on nutrient agar (NA), and selective media for vibrios 
(TCBS) and Pseudomonas and Aeromonas (GSP) following methods of Kemp et al. (1993). All 
samples were processed onsite within one h of collection and inoculated plates were incubated 
for 18 – 24 h at room temperature (27 - 28°C). 
For Run 2, 24-h monitoring of water quality was undertaken in the 3rd and 4th mo (max. shrimp 
biomass and effluents). Water was drained into the Impounded Mangrove at 0800 h (day cycle) 
or 2000 h (night cycle). Nutrients were measured in the IM as effluents were drained from the 
Shrimp Pond (0 h) and at regular intervals thereafter (3, 6, 12 and 24 h). The microbiology of 
pond soil
 
and water was also monitored. Samples were obtained immediately after draining, 
and at 6-h, 12-h and 24-h. Procedures for bacterial enumeration were as previously described 
using the same culture media. Plant density and basal area of the Impounded Mangrove and a 
Control Mangrove site (not affected by pond effluents) were determined in May 2001 (before 
Run 1) and in December 2001, April 2002 and November 2002. Wild seedlings of Avicennia 
officinalis, A. rumphiana, Bruguiera cylindrica, Ceriops decandra, C. tagal and Xylocarpus 
granatum were collected and planted inside the Impounded Mangrove and the Control Mangrove 
sites, labeled with plastic tags and measured regularly. Seedlings of Rhizophora mucronata 
were obtained from a plantation.
PROGRESS OF ACTIVITY
Total shrimp production in Run 2 (141 kg or 1.60 mt/ha) was only half that of Run 1 (253 kg 
or 2.87 mt/ha) because of a shorter cropping period (emergency harvest was done due to power 
outage) and smaller sizes (13 g vs 19 g ABW) (due to higher salinity levels and extraneous fish 
species).
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-N levels in the Shrimp Pond and Impounded Mangrove increased only in the later months, 
in contrast to consistently low levels in the Creek and Reservoir. NO
3
–N levels were higher in 
the Impounded Mangrove compared to the Shrimp Pond, Reservoir and Creek. PO
4
-P showed 
erratic trends. Shrimp Pond DO levels remained high until the 3rd month of culture, decreasing 
afterwards. DO levels were similar in the Creek, Reservoir and Impounded Mangrove, but 
declined in the latter after August.
As effluents (from the Shrimp Pond) were passed through the Impounded Mangrove under two 
cycles of day and night draining (Fig. 2), levels of nutrients and suspended solids decreased. 
Holding or residence time of 6 h in the Impounded Mangrove removed 64.2% of TSS, 34% of 
sulfide, 24.8% of NH
3
 and 18.7% of NO
3
; after 12-24 h luminous bacterial counts increased in 
the sediments and decreased in the water by one order of magnitude (It is noteworthy that the 
duration of the flood tide when mangroves are covered with incoming seawater is 6 h, because 
the Philippines has semidiurnal tides – a major and minor tide daily with roughly 6 h each of 
flood and ebb.).
Fig. 2. Levels of nutrients, sulfide and TSS in effluents in the Impounded Mangrove (drained from the 
shrimp pond), start of draining was 0800h (or 8:00 a.m.) for the day cycle and 2000h (or 8:00 p.m.) 
for the night cycle




–N in the day (but net production 
at night), hence these are taken as the daily removal rate — 0.158 mg NH
3
-N/L and 0.483 mg 
NO
3
-N/L  (Table 1). These N removal rates multiplied by the volume of water drained into the 
Impounded Mangrove give a total of 6,981.3 mg NH
3
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Table 1. Levels of solids and nutrients (mg/L) in effluents from shrimp pond at different times from draining 
(0800 h, day cycle) into mangrove pond
Table 2. N removal from (shrimp pond) effluents drained into Impounded Mangrove
(1)  Rate × water vol.          NH
3
-N: mg/L/d        Vol (L)
see Table 2;                    Rep 1        0.080 × 70,400  =     5,632.000
1 d = 6 h)                       Rep 2        0.237 × 35,200  =     8,330.667
                                             Mean         0.158                         6,981.333 mg NH
3
-N/d
                                             NO
3
-N: mg/L/d    Vol (L)
                                             Rep 1        0.733 ×70,400  =      51,626.667
                                             Rep 2        0.233 × 35,200  =        8213.333
                                             Mean         0.483                         29,920.333 mg NO
3
- N/d
(2)  Total N removal            6981.333 mg NH
3
-N/d   + 29920.000 mg NO
3
-N/d 
                                                                                        36901.333 mg tot. N/d
36901.333 mg tot. N/d ÷ 320 m2 Impounded Mangrove
 = 115.317 mg tot. N/m2 mng/d
(3)  35%a pond N loss         115.317 mg N/m2/d = 329.48 mg (0.329 g) tot. pond N/m2/d
via water exchange         0.35 N loss
(4)  60 g (6%) N kg-1 feedb            0.329 g tot. N/m2/d   = 0.0055 kg feed/d/m2 mng
60 g N/kg feed                        (55 kg feed/d/ha mng)
(5)  4% shrimp biomass             55 kg feed/d/ha mng)=1,375 kg shrimp/ha mng
feed rate                        0.04 kg feed (kg shrimp)/d
(6)  ABW =      30 g            1,375 kg@ 30 g =   45,833 pcs
(harvest)   20 g             shrimp  @ 20 g =   68,750 pcs
(7)  Mangrove: Pond area ratio
 Semi-intensive (10 m2, 30 g ABW)  = 2.18; Intensive (20-30 m2, 20 g ABW) = 2.91 – 4.36
                         S.D. (m2)               ha mng (ha pond) 
                         10                          1.45 – 2.18 
                         20                          2.91 – 4.36 
                         30                          4.36 – 6.54 
Their sum divided by 320 m2 (area of the Impounded Mangrove) gives a rate of 115.3 mg tot. 
N removed daily by each square meter of mangrove (1.15 kg N/ha1/d1). The treatment rate 
obtained is practically similar to that estimated by Rivera-Monroy (1999) of 1.13-1.22 kg 
N/ha/d for riverine mangroves.
 a  Briggs & Funge-Smith 1994, b I. Borlongan, pers. comm.
      
                           0 hr                    6 hr                12 hr                 24 hr                   6-h                12-h
                                                                                                                                     removal         removal 
Total                                                                                                                                                          
suspended 
solids            102.833 ±52.218     36.833±5.192     34.500±4.660       47.000±6.728             66.000               68.333  
                                                                                                                                                                                                          
Sulfide             0.050±0.011          0.033±0.006       0.035±0.008         0.041±0.006               0.017                 0.015 
                                                                                                                                                                                                          
PO
4
                 0.028±0.005          0.077±0.027       0.178±0.127         0.113±0.047             net add.             net add. 
                                                                                                                                                                                                          
NH
3
-N             0.637±0.183          0.478±0.063       0.488±0.070         0.625±0.078               0.158                 0.149 
                                                                                                                                                                                                          
NO
3
-N             2.583±0.206          2.100±0.286       2.200±0.335         2.417±0.347               0.483                 0.383 
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Assuming that all of the pond N lost through water exchange (35% of total) can be absorbed by 
the adjacent Impounded Mangrove, i.e., a rate of 115.3 mg N/m2 mangrove/d, gives a total pond 
N budget of 329.5 mg (from 55 kg feed/d) whose excess (35%) can be assimilated or processed 
by one ha of mangroves. This means that towards the end of the cropping period when shrimp 
biomass is maximum and feeding rate is 4%, N wastes from one ha of shrimp pond will require 
treatment or processing by 2.18 ha of mangroves for semi-intensive culture (10 postlarvae/m2, 
30 g ABW) and 2.91-4.36 ha of mangroves at intensive levels (20-30 postlarvae/m2, 20 g ABW) 
(Table 3). 
Table 3. Growth in mangrove plant numbers (stems/ha) and biomass (stand basal area in m2/ha) of mangrove 
with (impounded) shrimp pond effluents and controls in Ibajay, Aklan, central Philippines
                                     Impounded Mangroves                               Control Mangroves    
                          Apr. 2002          Nov. 2002     % change     Apr. 2002     Nov. 2002    % change 
A. Stems/ha                                                                                                                                   
Seed.                  516,667             787,500           52.42            45,600          74,933           64.33 
Sap.                     12,400               19,933            60.75            10,533           9,067            13.92 
Tree                        469                     656               39.87               900                967               7.44 
Total                   529,536             808,089           52.60            57,033          84,967           48.98 
B. Standby                                                                                                                                    
Seed.                    10.14                 15.46             52.46              0.90              1.47             63.33 
Sap.                       3.64                   6.16              69.23              3.31              2.85             13.90 
Tree                      13.58                 26.74             96.91             17.50            23.77            35.83 
Total                     27.36                 48.36             76.75             21.71            28.09            29.39 
Figure 3 shows the bacterial profile of water in the Shrimp Pond from the day juvenile milkfish 
were stocked until shrimp were harvested 27 weeks after. Note the emergence of LBC on week 
9, four weeks after stocking of shrimp post larvae, and its consistent isolation thereafter. An 
increasing pattern of PVC population was also observed (Fig. 3). Luminous bacteria are not 
the dominant bacterial population in the Shrimp Pond water even after more than one month 
of stocking. Probably, the presence of fish within the pond helped in maintaining microbial 
diversity. The bacterial profile of seawater obtained from the Creek is shown in Fig. 4, while 
the bacterial profile of the same water after conditioning in the Reservoir is shown in Fig. 5. 
Data extracted from Figs. 3, 4 and 5 show the comparison of LBC populations obtained in 
the same sampling period in water from the Shrimp Pond, Creek and Reservoir (Fig. 6). High 
LBC population in the Creek disappears or becomes undetectable in the Reservoir especially 
in the first 6 weeks. Luminous bacteria were consistently isolated from the Creek, but seldom 
from the Reservoir. The presence of fish as well as mechanical treatment of the water in the 
Reservoir (settling) improves its microbial quality (based on the absence of luminous bacteria). 
Based on our observations on luminous vibriosis in shrimp grow-out culture, shrimp mortality 
was always preceded by the dominance of luminous bacteria in the water (Lavilla-Pitogo et al. 
1998), thus bacterial diversity of the shrimp pond needs regular monitoring to recognize early 
signs of Vibrio dominance (based on plate count results). Effective water change using water 
that has been conditioned in a reservoir, and which contains comparatively low LBC, should 
be done.
Figure 7 shows the bacterial profile of soil from the shrimp pond starting in the 9th week after 
stocking of milkfish and 4 weeks after stocking of shrimp postlarvae. Comparison of the LBC 
profile of this sample with that of the water (Fig. 3) shows no correlation. Very minor LBC 
populations were recovered in the soil from the Creek (Fig. 8) and the Reservoir (Fig. 9); these 
numbers hardly correlated with the LBC of water samples from the same environment (Figs. 
4 and 5).
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Bacterial population in the IM (Fig. 10) also shows minimal LBC population. Bacterial 
population of effluent from Shrimp Pond that passed through the IM for 24 h is shown in Fig. 
11. A one-log reduction of LBC occurred after 12 h. In contrast, bacterial population of soil 
bacteria shows a one-log increase in LBC in sediments after 24 h. Such bacterial reduction in 
the water and increase in soil signifies retention of LBC in the IM during the holding period. 
The IM in this integrated system was meant to treat Shrimp Pond effluents. While the study of 
Teichert-Coddington et al. (1999) recommends holding of harvest effluents in settling ponds 
for no more than 6 h residence to mitigate the release of nutrients, results from this study show 
that reduction in LBC population by one-log occurs only after 12 h, although a generally safe 
level of 102 cfu/ml was attained in 6 h.
The experimental Impounded Mangrove is a predominantly Avicennia community. Although the 
7-mo (April-Nov. 2002) increase in total plant numbers was similar in the Control Mangrove 
(49.0%) and experimental Impounded Mangrove (52.6%), growth in biomass in the latter was 
more than 2.5 times that of the former (76.8% vs 29.4%). Increases in seedling densities and 
biomass were similar in the Impounded and Control Mangroves but those for saplings and trees 
were much higher in the former (Table 3). Growth rates in terms of increase in plant height of 
planted mangrove seedlings in Run 1 were higher in the experimental Impounded Mangrove 
(0.45 to 24.2%) vs Control Mangrove  (-9.5% to 6.8%) (Table 4). For Run 2, 6 out of 7 mangrove 
species had similar or higher growth rates in the Impounded Mangrove compared to the Control 
Mangrove.
Table 4. Growth of mangrove seedlings in the Impounded Mangrove (with shrimp pond effluents)
and Control Mangrove
                                                       Impounded Mangrove Control (Open) Mangrove            
                                              Init. ht         Final ht    % change      Init. ht      Final ht       %
                                                    (cm)              (cm)          change          (cm)           (cm)       change
Run 1 (Jul.-Nov. 2001)                                                                                                                     
Avicennia rumphiana                  69.33             84.00          21.15            67.50           70.17         3.95 
Ceriops decandra                       31.00             38.50          24.19            19.33           17.50        -9.48 
Rhizophora mucronata               69.67             70.00           0.48             61.00           60.33        -1.09 
Xylocarpus spp.                         100.50           114.00         13.43            83.33           89.00         6.80 
Run 2 (Jul.-Nov. 2002)                                                                                                                      
Avicennia officinalis                    30.20             39.20          29.80            36.13           48.40        33.96 
Avicennia rumphiana                  89.38             93.17           4.24             64.10           54.25       -15.37 
Bruguiera cylindrica                  40.75             41.83           2.66             27.50           24.70       -10.18 
Ceriops decandra                       58.30             66.80          14.58            17.67           20.60        16.58 
Ceriops tagal                              24.50             25.25           3.06             28.67           29.00         1.15 
Rhizophora mucronata               69.00             67.60          -2.03            67.13           71.00         5.76 
Xylocarpus granatum                109.38           121.13         10.74            91.67           81.00       -11.64 
A constructed N budget for a mid-intertidal mangrove (similar to the present study site) in 
Phuket, Thailand shows a total of influx of 47.5 mg N/m2/d from litterfall, microalgae and N-
fixation (Kristensen et al., 1995). Our calculated 115.3 mg N/m2/d from shrimp pond effluents is 
2.4 times this total budget and represents a significant anthropogenic N source which could be 
categorized under “import”. In terms of N sinks, plant uptake both by the microflora (planktonic 
and benthic algae) and macroflora (mangroves) accounts for more than 90% of the mineralized 
N in the Phuket mangroves with only 7% going to burial (sediment immobilization, bacterial 
processing) and nitrification/denitrification (Kristensen et al., 1995). These rates probably apply 
to the Ibajay forest as well — evidence of nutrient assimilation from pond effluents by the 
mangrove flora can be seen in the increased mangrove biomass from April to November 2002 
which was 2.5 times greater in the Impounded Mangrove over the Control Mangrove.
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Fig. 3.  Bacterial profile of the Shrimp Pond water (TPC = total plate count; PVC = Presumptive Vibrio 
count; PPA = bacterial count on Pseudomonas-Aeromonas agar; LBC = luminous bacterial 
count)
Fig. 4. Bacterial profile of seawater from the Creek (TPC = total plate count; PVC = Presumptive Vibrio 
count; PPA = bacterial count on Pseudomonas-Aeromonas agar; LBC = luminous bacterial 
count)
Fig. 5.  Bacterial profile of water in the Reservoir (TPC = total plate count; PVC = Presumptive Vibrio count; 











Fig. 6.  Comparison of luminous bacterial count (LBC) in water from Shrimp Pond, Reservoir and 
Creek
 
Fig. 7.  Bacterial profile of sediments from Shrimp Pond (TPC = total plate count; PVC = Presumptive 
Vibrio count; PPA = bacterial count on Pseudomonas-Aeromonas agar; LBC = luminous bacterial 
count)
Fig. 8.  Bacterial profile of sediments from the Creek (TPC = total plate count; PVC = Presumptive Vibrio 
count; PPA = bacterial count on Pseudomonas-Aeromonas agar; LBC = luminous bacterial 
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Fig. 9. Bacterial profile of sediments from the Reservoir (TPC = total plate count; PVC = Presumptive Vibrio 
count; PPA = bacterial count on Pseudomonas-Aeromonas agar; LBC = luminous bacterial count)
Fig. 10. Bacterial profile of sediments from the Impounded Mangrove (TPC = total plate count; PVC 
= Presumptive Vibrio count; PPA = bacterial count on Pseudomonas-Aeromonas agar; LBC = 
luminous bacterial count
Fig. 11. Bacterial population of soil and water in the impounded mangrove area during a 24-h holding 
period before finally draining Shrimp Pond effluents into the Creek (TPC = total plate count; 
PVC = Presumptive Vibrio count; PPA = bacterial count on Pseudomonas-Aeromonas agar; LBC 








The growth rate of planted seedlings was also generally higher in the Impounded Mangrove 
compared to the Control Mangrove. Regular harvest of mangrove flora, or nipa leaflets in 
this study, is necessary to maximize the efficiency of plant uptake and the role of mangrove 
ecosystems as a N sink. The role of phytoplankton and bacteria in stripping nutrients from shrimp 
farm effluents is suggested by the similar (low) rates of primary and bacterial production in 
the lower reaches of mangrove creeks receiving pond discharges compared with non-discharge 
areas (MacKinnon et al., 2002).
RECOMMENDATIONS
1)   The present study provides evidence that mangroves can remove significant levels of 
nitrogen and solid wastes from shrimp pond effluents and gives a first-order estimate of 
2.2-4.4 ha of mangrove area required to process wastes from one ha of semi-intensive 
or intensive shrimp pond. These estimates cover only the waste assimilation function 
and are therefore minimum levels. Moreover, aquaculture operations should not use 
antibiotics and other chemical or biological inputs that may be harmful to the mangrove 
organisms. 
2)   Mangrove trees may be harvested partially (as branches of Avicennia, Sonneratia and 
other non-Rhizophoraceae) or as the whole tree (for Rhizophora, Ceriops and other 
Rhizophoraceae) with replanting of the latter. For ponds that border a waterway (creek, 
river or shore), the mangrove treatment area can also serve as the 20-m to 50-m greenbelt 
required by Philippine law. 
3)   Further studies are needed a) to refine estimates of waste treatment area for different 
types of mangroves (in terms of tidal elevation/flushing, mangrove species composition, 
biomass and other aspects of community structure), b) to partition the contribution of 
different sinks (mangrove flora, phytoplankton, denitrification, etc.) to the removal of 
N and other wastes, and c) to evaluate the impact of effluents, particularly sediments, 
on mangrove organisms such as benthic fauna.
4)   The present results also confirm the efficacy of fish as biomanipulators in a green water system 
to control potentially pathogenic luminous bacteria in shrimp culture. 
5)   Holding of Shrimp Pond effluents for 6 h or more in Impounded Mangrove reduced the level 
of LB before discharge into the Creek.
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Production of Information Materials
Environment-Friendly Shrimp Farming, has been 
featured in SEAFDEC Asian Aquaculture, Volume 
XXII No. 3, May-June 2000, describing the techniques 
on environment-friendly shrimp farming. SEAFDEC 
Asian Aquaculture is a quarterly newsletter of AQD.
The brochure on Mangroves and Community 
Aquaculture, which was printed and disseminated 
in 2000, describes briefly the functions and values 
of mangroves as well as AQD’s mangrove-friendly 
aquaculture program.
Environment-friendly Schemes in Intensive Shrimp 
Farming, published in September 2000, is a 24-page 
manual based on Philippine experiences. It includes 
basic considerations for intensive shrimp farming, 
pond preparation, water management, aeration, feeding 
management, emergency procedures, harvesting, and 
cost and return analysis.
Published in November 2000, the 27-page manual on Closed Recirculating Shrimp Farming 
System, includes pond preparation, water preparation, stocking, feeding management, shrimp 
culture management, water quality management, record keeping and harvesting. The manual 
is based on experiences in Thailand.
Video cuts on mangrove-friendly shrimp culture have 
been incorporated in the AQD information video. In 
addition, updates on the Project have been compiled and 
produced into an instructional video on the techniques 
developed through the Project. A 12-minute educational 
video on Conserving our Mangrove Resources was 
also produced. The video describes the plight of 
mangroves and efforts to sustain them in the wake 
of the aquafarming boom.
The operationalization of an independent Mangrove Website 
(www.mangroveweb.net): The World of Mangroves-Mangrove-
Friendly Shrimp Aquaculture, has been sustained.
The Manual on Best Management Practices for Mangrove-Friendly Shrimp Farming was 
published in 2003, incorporating the updated techniques developed in the Philippines, Thailand, 
and at the Project’s other pilot demonstration and verification sites.
INFORMATION DISSEMINATION
Information dissemination activities of the Project have been conducted through the production 
of instructional materials as well as through training. This is done to hasten the transfer of the 
technology to the SEAFDEC Member Countries and to responds to the clamor of the shrimp 
industry on the kind of technologies that should be pursued. Thus, manuals and popular articles 
have been produced. The production of the State-of-the-Art Technologies Compilation serves 
as a protocol to be used in verifying and demonstrating the technologies, as well as the model to 
standardize the verification and pilot demonstration activities of the Project.
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TRAINING COURSE ON MANGROVE-FRIENDLY SHRIMP AQUACULTURE
Pastor L. Torres, Jr.
SEAFDEC Aquaculture Department
Tigbauan, Iloilo, Philippines
Site of Activity:  SEAFDEC/AQD: Tigbauan Main Station and Dumangas Brackishwater Station, Iloilo, 
Philippines
RATIONALE 
The culture of shrimps is a worldwide multi-dollar industry that experienced a phenomenal 
growth in the early eighties. Thereafter, growth was modest due to the advent of diseases and 
the rise of environment advocacy. One problem that persistently plagues the industry is the 
perception that shrimp culture prospered at the expense of mangrove systems.
The need to address this problem led SEAFDEC/AQD to embark on a research program aimed 
at reconciling shrimp culture and mangroves issues. The Government of Japan gave importance 
to this program through its generous financial support. As a result, a mangrove-friendly shrimp 
grow-out technology was developed. Field-testing of this technology in several sites in the 
Philippines has proven that shrimp culture and mangroves can actually co-exist. Field-testing 
in the other SEAFDEC Member Countries is also ongoing.
Based on the technology thus developed, AQD designed a training course on mangrove-friendly 
shrimp culture, to help disseminate the technology to the SEAFDEC Member Countries. 
OBJECTIVES
The goal of the training course is to provide participants with a basic understanding of the 
mangrove ecosystem and technical knowledge and skills on shrimp culture so that they can 
grow shrimp in a sustainable and mangrove-friendly manner. 
Specifically, at the end of the training course, the participants must be able to:
1.   Explain the basic concepts of the mangrove ecosystem;
2.   Explain the interrelationships between mangroves and shrimp culture;
3.   Apply sustainable culture methods and management techniques; and
4.   Prepare a feasibility study of a mangrove-friendly shrimp aquaculture project.
DESCRIPTION OF ACTIVITY (INCLUDE SUB-ACTIVITIES)
1.   Recruitment of Participants
Participants, nominated by Member Countries, receive fellowships from the Japanese 
Trust Fund. The participants in the three sessions represented Brunei Darussalam, 
Cambodia, Indonesia, Malaysia, Myanmar, the Philippines, Thailand, and Vietnam. 
Singapore sent one participant in the first session of the training program.
2. Course Design and Implementation
a.   The three-week training course is delivered through: lecturers (25%), practical 
activities (50%), and field trips and other curricular activities (25%) including the 
preparation and presentation of a feasibility study. 
b.  Main lecturers (90%) come from AQD. However, since the Thai experience on 
the course became an important element in the course, some industry experts from 
Thailand are invited to provide a balanced treatment to the course.
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c.  Practical sessions are conducted at AQD’s Dumangas Brackishwater Station (DBS) in 
Iloilo, Philippines. 
The participants in the 2002 session (above)
Trainees during practical sessions at AQD’s Dumangas Brackishwater Station
a.   Field trips are usually made to: 
(i)     Bugtong Bato, Ibajay Aklan – visit the mangrove-friendly aquaculture 
collaborative project between the local government of Ibajay and 
SEAFDEC/ AQD
(ii)    Bacolod City, Negros Occidental – visit the Negros Prawn Producers 
Marketing Cooperative, and shrimp farms at FYD Sta. Clara and Cadiz City
(iii)   The first session participants had the opportunity to visit the Project’s 
activities in Thailand
b.   Handouts for lectures and practical sessions are provided to participants before the 
start of sessions. 
c.   A group dynamics session serves as the course icebreaker to encourage team effort, 
foster camaraderie, and cultivate an effective interpersonal communication among 
participants. 
d.   The participants are required to prepare two grouped feasibility reports for 
presentation as a culminating activity in a plenary session with the course resource 
persons.
e.   A participant’s achievement in the course is computed from the following indicators:  
        Practical Performance     30%
Project Feasibility Study Report   50%
Feasibility Study Presentation   20%
100%
A minimum achievement of 70% would entitle a participant to a certificate of 
training, while a certificate of attendance will be given for a lesser performance.
3.   Course Assessment – At the end of the course, participants are asked to submit their 




Various studies on environment-friendly aquaculture are being conducted in many institutions 
in the region. At SEAFDEC/AQD, a regular program on the Development of Responsible and 
Sustainable Aquaculture Technologies is being carried out. Under such program are a number of 
studies, majority of which are implemented in collaboration with certain cooperating agencies. 
Among the collaborative studies are the following:
1.   Culture and Management of Scylla Species (CAMS): Refinement of mangrove-mud 
crab pen systems (with the European Commission-CAMS)
2.   Screening of probiotics as biocontrol/bioremediation in the rearing of P. monodon (under 
the FCG Project on the Development of Inspection Methodologies for Artificially-Bred 
Seeds)
3.   Valuation of mangrove resources and services: Implications for the adoption of mangrove-
friendly aquaculture in western Visayas, Philippines (with the Japan International 
Research Center for Agricultural Sciences – JIRCAS)
4.   Property regimes in mangrove ecosystems (with JIRCAS)
5.   Property rights, governance and adoption of mangrove-friendly aquaculture technologies: 
the case of natural and reforested mangroves in the Philippines (with JIRCAS)
It is noteworthy to mention that the FCG Project on the Development of Inspection Methodologies 
for Artificially-Bred Seeds, with AQD as the Lead Department for SEAFDEC, has developed a 
disease control system in aquaculture for Southeast Asia. This project aims to promote the healthy 
trading of aquaculture products including seeds for aquaculture. Thus, it was necessary to include 
in the topics for discussion at the June 2003 Regional Seminar-Workshop on Mangrove-Friendly 
Shrimp Aquaculture, the Transbounday Movement of Exotic Shrimp Species in the Region.
The experience of JIRCAS in the efficacy of greenwater culture technique could be used as 
reference for the studies conducted under the Project, even if the JIRCAS study in Vietnam was 
on the giant freshwater prawn Macrobrachium rosenbergii. Moreover, the feeding management 
practices in relation to the feeding of M. rosenbergii used in the study vis-à-vis P. monodon, 
could also be referred to especially in the pilot demonstration activities of this Project. Thus, 
the result of the said JIRCAS study is included in this Report.
It is interesting  also to note that in the JIRCAS study on M. rosenbergii, they have demonstrated 
that common features exist among yolk proteins in various shrimp and prawn species. Thus, it 
has been possible to develop a means of detecting yolk protein in the hemolymph of all useful 
species targeted in aquaculture.
In addition, the experience of JIRCAS on mangrove-friendly aquaculture in other parts of 
the region could also be a basis for the technology transfer activities under the Project. Such 
experience was also presented in brief during the June 2003 Regional Seminar-Workshop on 
Mangrove-Friendly Shrimp Aquaculture and is also included in this report.
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TRANSBOUNDARY MOVEMENT OF EXOTIC SHRIMP SPECIES




This compiled information were based on presentations at the AQUAMARKET Shrimp Session 
in Manila, Philippines, 2-6 June 2003, made by T.W. Flegel (BIOTEC), C.V. Mohan (NACA), 
P. Chanratchakool (AAHRI), and C.R. Lavilla-Torres (SEAFDEC).
Motives for Shrimp Introduction
The known motives for the introduction of exotic shrimp species in the region are:
1.   strong market demand;
2.   there is no suitable native organism;
3.   culture of the native stock crashes; and
4.   expansion, intensification and diversification of aquaculture
T. W. Flegel compiled the reasons for species introduction in the following table:
         Cause of import                                       No. of records                      % 
Known and intentional                                                                                        
         Aquaculture                                                               1386                      39 
         Fisheries                                                                      299                        8 
         Ornamental                                                                  263                        7 
         Research                                                                      104                        3 
         Other reasons                                                              272                        8 
Total intentional                                                                   2324                      65 
Known but unintentional                                                                                    
         Angling/sport                                                              283                        8 
         Diffused from other countries                                     139                        4 
         Accidental                                                                   267                        8 
         Bait                                                                                14                     >1 
Total unintentional                                                                 703                      20 
Unknown                                                                              552                      15 
The movement of healthy shrimps between countries “with a species’ range” is allowable. 
However, the movement of aquatic animals outside biological barrier needs careful consideration 
and high level of vigilance because of various reasons that include the following factors:
1.   Crustaceans can carry unknown viral pathogens as innocuous but active infections;
2.   These viruses may be deadly to other species or the same species at distant locations; 
and
3.   Greater geographical separation implies greater danger.
Shrimp viruses are not harmful to humans but their outbreaks have raised concerns that viruses 
could spread from aquaculture facilities to wild shrimp stocks.
T.W. Flegel identified the following particular dangers from shrimp viruses:
1.   Viruses are responsible for the most severe losses in shrimp aquaculture;
2.   Shrimp and other crustaceans are characterized by persistent viral infections;
3.   These infections often produce no gross signs of disease and no mortality; and
4.  Many of these “hidden” or “cryptic” viruses are still unknown.
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He also outlined the dual and multiple viral infections in shrimps as follows:
1.   Dual, triple and multiple viral infections are often seen in shrimp, but rarely reported;
2.   Rarely are “healthy” shrimp examined; and
3.   A cryptic virus tolerated in one host or location may not be tolerated in another host or 
location.
As for the moment, a checklist of Asia’s Shrimp Virus has been compiled and compared with 
the Western Hemisphere’s Shrimp Disease Checklist.
Asia’s Shrimp Virus Checklist                           
White spot syndrome virus (WSSV)                    
Yellow head virus (YHV)                                      
Infectious hypodermal and hemapoietic 
necrosis virus (IHHNV)                                       
Penaeus monodon-type baculovirus 
(MBV)                                                                  
Hepatopancreatic parvovirus (HPV)                    
Baculoviral midgut gland necrosis type
virus (BMN)                                                         
Western Hemosphere’s Shrimp Diseases                          
Taura Syndrome Virus (TSV)                                               
Reo-like viruses                                                                    
Baculovirus penaei type virus (BP)                                      
Necrotizing hepatopancreatitis                                             
In a study of six ponds in Thailand, T. W. Flegel, et al, made an analysis on how healthy are 
“grossly healthy” shrimps. The results are shown in the following table:
White Spot Disease (WSD)
The most serious pathogen of cultivated shrimp in the world is the white spot disease carried 
by the White Spot Syndrome Virus (WSSV). This was first known in China during its serious 
outbreak in 1993. The disease led to the 70% production drop of cultured shrimps in China from 
135,000 mt to 30,000 mt in a period of one year. As a result of the WSD, the global estimate of 
cumulative lost production to date exceeds 1.0 M mt. Thus, questions on the origin and spread 
of WSSV, i.e., seeds, broodstock, frozen shrimp, feeds, etc., need careful investigation.
T.W. Flegel also recommended the following diseases avoidance approaches: (1) no introduction, 
(2) inspection at source, (3) inspection upon entry, (4) quarantine, (5) Introduction of stock 
known to be clean.
          Infection status             No. of shrimps                  % Total
Uninfected                                                      14                            5.
Infected                                                         223                        94.1
Total tested                                                    237                      100.0
Single infections                                             50                        21.1
      MBV                                                          8                          3.4
      HPV                                                         13                          5.5
      WSSV                                                      19                          6.0
      IHHNV                                                    10                          4.2
Dual infections                                                69                        29.1
Triple infections                                              80                        33.8
Quadruple                                                       24                        10.1 
Dual to quadruple                                         173                        73.0 
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Shrimp hepatopancreas showing triple viral 
infection (left) and presumably healthy 
shrimps (right)
The Asian WSSV pandemic 
(left) as portrayed by C.V. 
Mohan of NACA:
1991/1992: Taiwan
1993: Japan and Indian 
Ocean,  India, China        
1994: Thailand, Cambodia 
1999: Philippines
T.W. Flegel presented an example of dangerous exchanges of shrimp species, in the 
following diagram (P. monodon (left) and P. vannamei (right)): 
Thus, the consequences of movement of exotic shrimp species include: (1) parasites and diseases 
that organisms suffer from travel as well; (2) exotic organisms may escape from culture facilities 
either in the form of adults or larvae; (3) native species may be more susceptible to the exotic 
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SUMMARY
The Mekong Delta of Vietnam is a region rich in aquatic resources having high potential for 
aquaculture development. Inland aquaculture in the Mekong Delta has greatly increased since 
the last decade. Fish culture carried out in combination with other agricultural activities such as 
animal husbandry and rice cultivation, and intensive aquaculture in ponds and cages have been 
the dominant forms of fish production. However, the giant freshwater prawn, Macrobrachium 
rosenbergii, has recently become a species of economic significance and the target of aquaculture 
activity in the Mekong Delta. M. rosenbergii is cultured throughout the region in the rice fields, 
ponds, orchard gardens and in pens along river banks. The major constraints in this industry are 
seed supply and culture techniques, becoming the major obstacles for the further development 
of the culture of this species.
In a collaborative research project implemented between the Japan International Research 
Center for Agricultural Sciences (JIRCAS) and Cantho University (CTU) since 1994, studies 
have been carried out on various aspects relating to the establishment of M. rosenbergii seed 
production and culture technology. The project is now in the middle of its second phase and has 
generated a great deal of scientific and practical information. This paper presents an overview 
of the achievements of this project.
INTRODUCTION
The Mekong Delta in the southern part of Vietnam covers 12% of the total area of the country 
and has great potential for increased agricultural and aquaculture production. The Delta possesses 
more than four million ha of natural land area, of which about 2.4 million ha are utilized for 
agriculture and aquaculture (NEDECO, 1991). The area of freshwater bodies total 641,350 ha 
or 67.2% of total water surface, but freshwater surface is usually enlarged by up to 1.7 million 
ha during the flooding period (Sam, 2001 and Dien and Anh, 2001).
The Mekong Delta is by far the most productive region having the highest potential for freshwater 
aquaculture development in Vietnam due to its favorable environmental conditions. Thus, most 
of Vietnam’s freshwater aquaculture production occurs in this region. The major species cultured 
in Mekong Delta include Chinese carps and catfishes of the Pangasius genus.
However, a new important species in freshwater aquaculture is the giant freshwater prawn, 
Macrobrachium rosenbergii, pinpointed as one of the major target species of the aquaculture 
sector (Ministry of Fisheries, 1999). M. rosenbergii is naturally distributed in the Mekong Delta. 
In the past years, the natural yields of prawn seeds were sufficiently high, but recently, there has 
been a decline from natural resources. Thus, the Ministry of Fisheries of Vietnam has targeted 
the annual production of M. rosenbergii to be 60,000 mt utilizing 32,000 ha by the year 2010 
(Decree No. 224/1999/QD-TTg.).
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Additionally, the Vietnamese Government has also implemented a new policy known as the 
“restructuring of agricultural production and its products consumption” (Decree No. 09/2000/NQ-
CP) allowing the conversion of unproductive rice land to aquaculture production, making the 
culture of M. rosenbergii more important to the nation’s fisheries industry. The existing culture 
systems of M. rosenbergii include improved-extensive culture in rice fields, and semi-intensive 
and/or intensive culture in ponds, orchard canals and pens.
Before 2000, most of the commercial culture systems depended on juvenile prawns collected 
from natural water bodies, and for this reason, the freshwater prawn culture remained fairly 
underdeveloped. Initial studies relating to seed production for M. rosenbergii in Vietnam started 
in the early 80s, being pursued by scientists at various universities and research institutions 
(Hien et al., 1998). These endeavors resulted in various degrees of success, however, the mass 
production of M. rosenbergii seed remained difficult until the end of 1990s. 
Recognizing this problem as a major limiting factor on the development of M. rosenbergii 
culture in the Mekong Delta, JIRCAS and Cantho University initiated a collaborative research 
in 1994, by examining the factors affecting the reproductive development of M. rosenbergii, 
and expanding this to a wider range of studies including larval rearing, feed development for 
larval and grow-out stages, larval diseases, culture in rice fields and orchard canals, and finally, 
technology transfer.
After about seven years, the project has achieved many significant results and has contributed 
greatly to the establishment of sustainable technology for freshwater prawn seed production, 
and this in turn is allowing the expansion of prawn-rice farming in the Mekong Delta region. 
SEED PRODUCTION STUDIES 
In order to establish appropriate seed production technology for M. rosenbergii, a number 
of studies have been conducted at JIRCAS and at the Cantho University. These include the 
following:
Basic studies on reproduction and osmoregulation 
Studies at JIRCAS’s Tsukuba, Japan premises have focused on the elucidation of reproductive 
and osmoregulatory mechanisms in M. rosenbergii with the aim of addressing problems related 
to broodstock development and larval rearing under captive conditions. In Vietnam, one of the 
major obstacles in securing a stable source of broodstock is poor maturation rate of the female 
prawn in captivity. In the wild, female prawns do not usually become gravid until 20-40 g. Eggs 
obtained from these females are of good quality and provide high survival rates after hatching. 
However, the females cultured as broodstock begin carrying eggs very early, even at 7-10 g. 
This leads to poor quality eggs and larvae, and over successive generations, females mature 
even more precociously.
Thus, in hatchery operations, it is necessary to use broodstock collected from nature (20-50 g). 
As a result, resources for spawners have declined due to over-exploitation, and the dependence 
of wild broodstock in hatchery operations had limited hatchery production of seeds needed for 
the prawn culture industry.
Given this background, in order to select suitable female spawners for purposes of seed 
production, JIRCAS and Cantho University have developed jointly a technology “A process for 
determining maturity by using anti-serum against shrimp egg yolk protein”, which is currently 
submitted to the Japan Patent Office (JPO).
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This technology has been developed based on studies elucidating yolk protein structure in 
M. rosenbergii and other economically significant species of shrimp. At JIRCAS, and also in 
collaboration with the University of Tokyo, the full amino acid sequence of yolk protein in M. 
rosenbergii and P. japonicus have been determined and found that a high degree of identity 
exists between the two species (Tsutsui et al., 2000; Okuno et al., 2002).
Other studies at JIRCAS on the coonstriped shrimp (Tsutsui et al., 2002) and those by other 
authors have further demonstrated that common features exist among yolk proteins in various 
shrimp and prawn species; and on this basis, it has been possible to develop a means of detecting 
yolk protein in the hemolymph of all useful species targeted for aquaculture. The project in 
Vietnam is now testing this technology in order to improve the current methods of seed production 
that have been developed.
M. rosenbergii is a freshwater prawn, but since its larvae require brackishwater for survival, 
hatchery operations are usually conducted using 12 parts per thousand (12 ppt) salinity. A 
number of studies have been conducted by JIRCAS on osmoregulation in adults, and found 
that this species regulates its hemolymph osmolarity to be equivalent to that of brackishwater 
(12 ppt or 450 mOsm). In both freshwater and brackishwater, M. rosenbergii is able to maintain 
hemolymph osmolarity (based on ionic and free amino acid concentrations on the hemolymph), 
but at higher salinities, the prawn loses this ability (Wilder et al., 1998; Huong et al., 2001).
Current studies are focusing on osmoregulatory mechanisms during the larval stages. It has 
also been recently found that Na/K-ATPase concentrations increase rapidly at the beginning of 
larval development, but decrease to low levels thereafter, suggesting that the enzyme is most 
necessary when the larvae makes the transition from being in the closed environment of the egg 
to a free-swimming larvae. During its early development, 12 ppt salinity is required for 100% 
survival of larvae, but mid-way through the developmental period which is about 25 days, the 
larvae acquire the ability to survive under 6 ppt salinity, concurring with decreases in Na/K-
ATPase activity (Huong, et al., 2002). This result is now being tested for possible application 
to improve seed production techniques, because the decrease in salinity would mean reduced 
labor input and costs.
Studies on larval rearing utilizing the improved static green water model (“green water” 
model)
Studies on larval rearing in this project were initially based on the concept of the “green water” 
model, which was developed by Ang and Cheah (1987) in Malaysia. An initial study was conducted 
to confirm if the “green water” model is applicable to the local conditions of the Mekong Delta, 
and whether it is easily transferable to the users. This was conducted as a comparative experiment 
between the “re-circulating water” and “green water” models.
The results of the study showed that the “green water” system provided more satisfactory results than 
did the “re-circulating water” system. Stocking densities of 60 to 120 larvae/l were recommended 
for both models, but the “green water” model yielded more post-larvae (PL) per liter, varying from 
32.3-46.4 PL/l compared to 28.8-31.7 PL/l for the “re-circulating water” model. Moreover, the 
“green water” model requires less labor and is easier to implement in the “back-yard” hatchery 
facilities that are likely to be adopted by farmers engaging in prawn-rice culture (Table 1). 
An experiment on diets for prawn larvae showed that larvae fed a custard diet formulated from 
chicken egg yolk (14 g); milk powder (10 g) and 2% fish oil provided the most satisfactory results 
in terms of survival rate and number of post-larvae produced per liter  (Table 2). This diet has 
been proposed for use in the commercial prawn hatchery.
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Table 1. Survival rates of larvae and final number of post-larvae (PL) produced under the 
“re-circulating water” and “green water” systems
Treatment                                         PL Density             Survival rate (%) 
“Re-circulating water” system                              
30 larvae/l                                                      19.5                                    52.5
60 larvae/l                                                      18.6                                    28.8 
90 larvae/l                                                      28.4                                    31.7
120 larvae/l                                                    32.9                                    27.4
“Green water” system                                           
30 larvae/l                                                      27.7                                    92.3
60 larvae/l                                                      27.8                                    46.3
90 larvae/l                                                      41.7                                    46.4
120 larvae/l                                                    38.8                                    32.3 
Table 2. Effects of different diets on larval survival rate and final number of post-larvae produced
Diet 1: Artemia nauplius; diet 2: chicken egg yolk (14 g), milk powder (10 g), shrimp 
meat (10 g), squid (10 g), pig liver (10 g) and 2% fish oil; diet 3: chicken egg yolk (14 g), 
milk powder (10 g), and 2% fish oil; and diet 4: commercial pellets. Values on the same 
column having differing superscripts significantly differ at p<0.05.
Moreover, the selected diet was further improved by the supplementation with vitamin C and 
lecithin. The results of these studies showed that both vitamin C and lecithin could enhance the 
survival rate, number of post-larvae produced and the quality of the post-larvae.
Based on the results and the experience of Cantho University counterparts in the field, a modified 
static “green water system” suitable for the conditions of seed production in the Mekong Delta 
was developed. In this system, super-saturated seawater from salt fields in the southernmost 
coastal parts of the Mekong Delta and freshwater are mixed in appropriate quantities to obtain 
the desired salinity concentration, and the water is treated for several days with chlorine.
In order to create “green water”, tilapia is stocked for a week in a separate tank, creating an 
environment where planktonic algae bloom and the water turns green. Chlorella is obtained 
selectively by filtration, and the water is then transferred to tanks for prawn seed production. 
After the prawn larvae hatched, they are reared for about 30 days without water exchange until 
the larvae metamorphose into post-larvae. Artemia and handmade custard are provided to the 
prawn larvae, but the algal blooms serve as a bio-agent that stabilizes the environment in the 
culture tanks.
Transfer of seed production technology
Until the beginning of 2000, the supply of hatchery reared M. rosenbergii was not sufficient 
to meet the growing needs of commercial prawn culture industry. Although several national 
large-scale hatcheries had previously been established, such as the Long My Hatchery of the 
Cantho Province, the Vung Tau Hatchery of the Research Institute of Aquaculture No. 2, and 
the Nha Be Hatchery of the Ho Chi Minh City, these had been operating unsuccessfully (Hien 
et al., 1998; Phuong, 2001).
Diets                        Survival rate (%)                          Post-larvae/liter 
1                                              19.5±1.6a                                              11.7 
2                                              64.4±5.6b                                              38.7 
3                                            77.4±19.6b                                              46.4 
4                                                          0c                                                   0 
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With the results of the studies between Cantho University and JIRCAS, a great deal of valuable 
information is now available for the establishment of effective M. rosenbergii seed production 
technology utilizing the “green water” model. Since the beginning of 2000, the “green water” 
model has been introduced to various users (including the provincial authorities and the private 
sector), and the number of hatcheries and quantity of post-larvae produced, have increased 
rapidly. According to Phuong and Hai (2002), the production of post-larvae reached over fifty 
million by the end of 2001 or about 50-fold compared to the 1990s. The transfer of the “green 
water” model has been accomplished in two different ways. The first was the “transfer of the 
whole package” (training, establishment and operation of the hatchery) and practical training. 
This option was made available only for provincial hatcheries. 
The second option is available for private users. As of mid-2002, the “green water” model has 
been transferred to eleven state-run hatcheries in different provinces of the Mekong Delta, and 
Cantho University staff trained 108 persons in the Mekong Delta and in a few provinces of 
central Vietnam (Table 3). Of these 108 persons, 83 individuals have set-up small-scale hatcheries 
throughout the Mekong Delta and Vietnam (utilizing 10-20 cm of rearing water) based on the 
“green water” model. These hatcheries are now contributing to meeting the demands of prawn 
seeds for use in aquaculture in Vietnam. 
The transfer of the technology has been funded by various Vietnamese institutions including the 
National Aquaculture and Fisheries Extension Center of the Ministry of Fisheries, the Provincial 
Department of Fisheries, the Provincial Department of Science, Technology and Environment, 
and by the farmers themselves. The JIRCAS project is also facilitating the rapid transfer of the 
technology and is preparing for the publication of a manual on prawn hatchery operation and 
management practices based on the “green water” model.
In addition, a CD is also being produced to accompany the manual. Interested persons will be able 
to access these materials through the Cantho University or at bookstores. In only two years, the 
transfer of prawn larval rearing techniques based on results of the collaborative research between 
JIRCAS and Cantho University, and Cantho University’s cooperation with other Vietnamese 
institutions would be intensified, contributing greatly to the development of the freshwater 
prawn culture industry in Vietnam, especially in the Mekong Delta. 
Province State-run hatcheries               Private hatcheries                                                   
Mekong Delta region                                             
Ben Tre                                                                   1                                                                5
Dong Thap                                                              1                                                                7
Vinh Long                                                               1                                                                1 
Ca Mau                                                                   1                                                                3
Tra Vinh                                                                  1                                                                3
Kien Giang                                                               -                                                                 6
Long An                                                                  1                                                                2  
An Giang 1                                                            11
Tien Giang                                                              1                                                                4
Cantho                                                                     1                                                               25 
Soc Trang1                                                              
Other regions
Ho Chi Minh City                                                   1                                                                2
Binh Thuan                                                              -                                                                 3
Total                                                               11                                                              72 
Table 3:     Numbers of prawn hatcheries established in different locations in Vietnam
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FRESHWATER PRAWN CULTURE STUDIES AND PRODUCTION TRIALS
Following the successful establishment of the seed production techniques, freshwater prawn 
culture trials were initiated under the JIRCAS-Cantho University cooperative project. Prawn-rice 
farming is of two types: integrated farming of prawn with the summer-autumn rice crop, and 
alternative farming of prawn. In the alternative type, no summer-autumn rice crop is cultivated. 
Both types have been put into practice in the Mekong Delta during the last few years. The first 
type is more suitable for non-flooding areas, while the second type is suited for flooded areas or 
where summer-autumn rice cultivation is subjected to high risks due to flooding. Studies under 
this project have focused on the integration of rice-prawn farming with the summer-autumn 
rice using hatchery-reared post-larvae.
Under the JIRCAS-Cantho University project, two prawn-rice farming trials have been conducted 
in Tam Binh District (Vinh Long Province) and at the JIRCAS project site, Tan Phu Thanh Village 
(Chau Thanh District, Cantho Province). The Tam Binh trial revealed that a stocking density 
of 5 PL/m2 could yield a production of 222-566 kg of marketable prawns after six months of 
culture (Table 4). However, the harvested prawns showed a certain degree of size variation, 
ranging from 10 to 40 g. This resulted in lower prices, as larger prawns command higher market 
value. Maturation of female prawns was observed as early as the third month from stocking, 
and this also affected the prawn growth. The results indicated the need to improve the harvest 
size and delay maturation. Nevertheless, particularly in the case of Farms 1 and 2, income from 
prawn culture ranged from 150 to 400 U.S. dollars. Given that income from rice is about $200 
per farm depending on size. This study has shown that farmers are potentially able to increase 
their income levels 2-3 fold by engaging in prawn-rice farming.
Table 4. Survival rate, production levels, and income obtained from prawn-rice farming in Tam Binh
           Harvest                                      Farm 1             Farm 2              Farm 3            Farm 4 
Survival rate (%)                                          34.1                   40.1                    24.2                 22.1 
Productivity (kg/ha)                                      500                    566                     222               287.5 
Total investment (VND/farm)            3,162,000          1,197,750           1,365,000        1,844,000  
Total income (VND/farm)                  8,775,000          3,315,000           1,560,000        2,852,000  
Net income (VND/farm)                     5,613,000          2,117,250              194,950        1,008,000 
US$ 1 = VND 15.000
Farm size = 9,000-2,700 m2
It was also noted that the first trial in Tam Binh District has promoted the further development of 
prawn culture in this area. Within one year following the trial, 40 households became involved 
in prawn farming and have plans to build a small-scale hatchery in order to provide seeds for 
their farming needs.
The prawn-rice farming in the Mekong Delta has prospered much beyond the initial efforts of 
JIRCAS and the Cantho University. Especially in Cantho, An Giang, and Vinh Long Provinces, 
prawn-rice farming has been actively promoted by the country’s extension services at the 
provincial and village level, and by many farmers. Using higher stocking densities of 12-15 
juveniles/m2, yields have been as high as 1 mt/ha increasing income levels 5-6 fold. Although the 
statistics have not yet been officially tabulated, Vietnam’s freshwater prawn culture production 
in the 1990s was about 3000 mt/year and has now reached approximately 16,000 mt/year.
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As the joint project comes to a close, JIRCAS and Cantho University initiated a socio-economic 
survey to assess the impact of hatchery technology development and its transfer on the prawn-
rice farming industry in the Mekong Delta. This would help clarify the status of freshwater 
prawn culture in Vietnam and demonstrate how the JIRCAS-Cantho University joint efforts 
have contributed to the development of the industry.
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STUDIES ON SUSTAINABLE PRODUCTION SYSTEMS
OF AQUATIC ANIMALS IN BRACKISH MANGROVE AREAS
Toru Shimoda
Fisheries Division
Japan International Research Center for Agricultural Sciences
Tsukuba, Ibaraki 3058686, Japan
BACKGROUND
The Southeast Asian Fisheries Development Center (SEAFDEC) and the Japan International 
Research Center for Agricultural Sciences (JIRCAS) signed a Memorandum of Understanding 
(MOU) in 2001 for the promotion of fisheries and aquaculture research and development in 
Southeast Asia. Under the said MOU, five collaborative research studies have been implemented 
at AQD in Iloilo, Philippines. These studies are:
1.   Egg and larval quality of the mangrove red snapper fed improved broodstock diet (2002-
2005)
2.   Pathogenesis and control of sub-clinical infection of viral nervous necrosis (VNN) in 
broodstock of grouper (2003-2005)
3.   Valuation of mangrove resources and services: implications for the adoption of mangrove-
friendly aquaculture in Western Visayas (2003-2006)
4.   Property regimes in mangrove ecosystems: implications for the adoption of mangrove-
friendly aquaculture in the Philippines (2002-2004)
5.   Property rights, governance and adoption of mangrove-friendly aquaculture technologies: 
the case of natural and reforested mangroves in the Philippines (2002-2005)
In addition, JIRCAS also implements projects relevant to sustainable production systems of 
aquatic animals in brackish mangrove areas. These projects have been grouped into two and 
under each project are sub-projects:
1.   Development of technology for sustainable aquaculture by utilizing the production 
function of brackish mangrove areas
1.1 Clarification of the life cycle of important species of marine fish in brackish mangrove 
areas and development of sustainable fishery production methods (Fisheries Research 
Institute, Malaysia)
1.2 Studies on low-input farming technology using natural circulating supply system of 
brackish mangrove areas (Kasetsart University, Thailand)
1.3 Development of technology for the cultivation of indigenous and new species of 
high economic animals (SEAFDEC/AQD)
This sub-project includes two collaborative studies, which are now ongoing at 
AQD. 
2.   Analysis of farm management and economic benefits of new sustainable fish production 
systems in brackish mangrove areas (SEAFDEC)
 This project includes three collaborative research studies now ongoing at AQD.
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RESEARCH PLANS (2003-2005)
JIRCAS intends to develop technology for sustainable shrimp culture, using Model Experiment 
and Applied Experiment, considering that water is freely circulated between the culture ponds 
and the mangrove areas. Given this situation, there should be low loading, low feed and low 
medicine application in the shrimp culture ponds.
In the Model Experiment, shrimps are cultured in tanks, and water is exchanged between the 
shrimp tank and mangrove tanks. In the Applied Experiment, water is circulated between shrimp 
culture ponds and mangrove planted areas. The set-up is shown in the following photos:
Water circulation between culture ponds and mangrove areas
Low loading, low feeding and low application of chemicals
AQUACULTURE EXPERIMENT
Model experiment set-up (above left), shrimps are 
stocked in tanks while mangroves are planted in 
tanks.
Applied experiment set-up: Rhizophora spp. planted 
in the mangrove pond (above right) and PL 20 of P. 
monodon stocked in shrimp pond (below right); water 
is exchanged everyday between the mangrove pond and 
the shrimp pond in a circulating system
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POLICY ISSUES ON THE USE OF MANGROVES FOR 
AQUACULTURE
During the Regional Seminar-Workshop on Mangrove-Friendly Shrimp Aquaculture in Bangkok, 
Thailand in June 2003, representatives from each country in the region prepared country reports 
on policies regarding the use of mangroves in their respective countries for aquaculture. Their 
inputs were collated and will be used as reference in the preparation of the Regional Guidelines 
on Responsible Aquaculture in Mangrove Areas and Responsible Use of Mangroves.
In the Regional Guidelines for Responsible Fisheries in Southeast Asia: Responsible Aquaculture, 
which was developed in 2001, Article 9.1.3 (4) stipulates that: “Given the importance of 
mangroves, States and regional institutions should prepare regional guidelines for the responsible 
use of mangroves for aquaculture. States should ensure coordination among departments, 
agencies, and other units that have jurisdiction and stake in mangroves.”
During the July 2001 Government Consultation, which adopted the Regional Guidelines for 
Responsible Fisheries in Southeast Asia: Responsible Aquaculture, it was agreed that the 
preparation of the guidelines on responsible use of mangroves for aquaculture be initiated through 
the FCG collaborative project on Mangrove-Friendly Shrimp Culture implemented with AQD 
as the Lead Department for SEAFDEC and Thailand as the lead Country for the ASEAN.
In order to initiate the preparation of the guidelines, the country representatives to the June 2003 
Regional Seminar-Workshop on Mangrove-Friendly Shrimp Aquaculture, presented relevant 
policy issues in relation to the implementation of responsible aquaculture in mangrove areas in 
their respective countries.
The preparation of the regional guidelines was made part of the June 2003 Regional Seminar-
Workshop on Mangrove-Friendly Shrimp Aquaculture, in order to:
1.   Identify experts who will be involved in the formulation of the regional guidelines;
2.   Discuss the scope of work for the preparation of the regional guidelines; and
3.   Plan the program of work for the preparation of the regional guidelines.
Thus, after the Regional Seminar-Workshop on Mangrove-Friendly Shrimp Aquaculture, it was 
agreed that two workshops would be convened by AQD.
1.   Session 1 will be convened in mid-2004 to formulate the first draft of the guidelines
2.   Session 2 will be scheduled towards the end of 2004 to finalize the guidelines. This 
session would also be the forum to wrap up the activities undertaken by the Project in 
the region.
The country’s policy guidelines will be used as reference when the country experts would 
convene during the first workshop (Session 1) on the formulation of the draft guidelines.
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SHRIMP CULTURE AND MANGROVES: BRUNEI DARUSSALAM
Sheikh Haji Al-Idrus bin Sheikh Haji Nekman
Department of Fisheries
Ministry of Fisheries and Primary Resources
Bandar Seri Begawan, Brunei Darussalam
INTRODUCTION
Brunei Darussalam is a coastal state located in the north-western portion of Borneo island within 
latitudes 5o 05’ N and 4o 00’ N and longitudes 114o 04’ E and 115o 22’ E. The country has a land 
area of 5765 km2 (576,400 ha.) divided administratively into four districts, i.e. Brunei-Muara, 
Tutong, Belait and Temburong. The coastline of the country is roughly 130 km long, fronting 
the South China Sea and shares a common border with the east Malaysian State of Sarawak. 
The main population centers are in the coastal zone, accounting for over 85% of the population 
(305,100 in 1996). It is a Malay Islamic Monarchy and has a stable economy largely dependent 
on the exploitation of petroleum hydrocarbons. 
SHRIMP CULTURE
Since 1965, the Government of Brunei Darussalam has implemented a series of National 
Development Plans to diversify its economy away from traditional oil and gas industry to other 
industries. Aquaculture has been identified as one of the priority areas for development because 
of the availability of potential sites for the development of this industry and the high demand 
for quality fish products for the local as well as the export markets.
The Department of Fisheries (DOF) of the Ministry of Fisheries and Primary Resources has 
identified 928 ha of coastal areas for brackish water ponds mainly for commercial shrimp culture 
(DOF - MIPR 1992). Among these are 90 ha in Kampung Keramut and Telisai in Tutong District; 
100 ha in Pengkalan Sibabau and 628 ha in Tutong District; and approximately 200 ha in Kuala 
Belait District. Most of these areas are sparsely vegetated with some fringes of mangroves, 
except Pengkalan Sibabau, which is entirely covered with mangrove forests.
Shrimp farming in Brunei Darussalam is quite recent compared to its neighboring countries. In 
1997, the total area of shrimp farm was 33 ha producing 52.2 mt of shrimps. Stocking density 
was 15-30 PL/m2 with an average production of 1.5–4.0 mt/ha/year. However, recently with the 
introduction of Litopenaeus stylirostris coined as “udang rostris” by DOF, most of the farms are 
now stocking at 40-60 PL/m2. In 2002, the total area developed for shrimp farming was 210 ha. 
The production of shrimps from 2000 until May 2003 is shown in Figure 1.
The DOF is now implementing programs such as the incorporation of siltation and bio-ponds 
to all shrimp farms to safeguard the environment from the polluting effects of shrimp farms 
discharge. Moreover, environment friendly shrimp culture system is also aggressively verified 
by DOF and will be promoted to make the shrimp production of Brunei Darussalam sustainable 
and environment-friendly.
At the moment there is only one shrimp hatchery supplying “udang rostris” to the shrimp farms. 
This hatchery is producing fry from fully domesticated breeders. Domestication of tiger shrimp 
is still being worked out by DOF and in the meantime farmers wishing to culture tiger shrimp 
are allowed to import tiger shrimp fry from accredited hatcheries. About 10% of the shrimp fry 
requirements (tiger shrimp) are still being imported from the neighboring countries of Brunei 
Darussalam.
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Fig. 1.     Production of P. monodon and L. stylirostris in Brunei Darussalam
MANGROVE FORESTS
The mangrove forests in Brunei Darussalam have an aerial extent of 18,418 ha representing 
3.2% of the country’s total land area. These occur in saline soils subjected to tidal inundation, 
largely in northern Temburong, along the lower reaches of Belait, Tutong and Brunei rivers and 
around Muara (Fig.2). Mangrove forests in Brunei Darussalam are among the best preserved 
in the region, rich with different types of flora and fauna. Zamora (1987) listed 81 species of 
vascular plants in the country’s mangrove swamps. These consist of 47 flowering plants, one 
gymnosperm and 33 ferns and fern allies.
Fig. 2.      Distribution of mangrove forests in Brunei Darussalam
The most dominant species are the Rhizophora apiculata (bakau minyak) and Nypa fruticans 
(nipha) while Kandelia candel (aleh-aleh), Bruguiera cylindrica (berus ngayong), B. parviflora 
(berus linggadai) and B. sexanguila (berus pulut) are the rare species. The country’s mangroves 
are home to several unique and endangered wild fauna including the proboscis monkey (Narsalis 
larvatus), crab eating macaque (Macaca facicularis), silver leaf monkey (Presbytis cristata) 
and large fruit bats (Pteropus vampyrus). Mangroves and the associated mud flats are also used 
by migratory birds as wintering habitats. The mangrove areas relative to the total land area in 
the country’s four administrative districts are given in (Table.1).
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Table 1.  Mangrove areas relative to total land area in the four administrative districts of Brunei Darussalam
                                                                                                 
District                       Total land area (ha)         Mangrove area (ha)          % of total area 
Temburong                        116,600                            12,164                           66.0  
Brunei-Muara                    57,000                              3,937                            21.4 
Tutong                               130,300                             1,784                             9.7
Belait                                 272,500                              533                               2.9 
             Total                    576,400                            18,418                          100.0 
From an ecological standpoint, mangroves are known to:
      • export detritus and nutrients into nearby systems which form the food base of a   
complex of marine organisms, which in turn support valuable estuarine and   
   nearshore fisheries;
      • act as nursery and breeding grounds for many economically important fishes and  
   crustaceans;
      • reduce surges and strong winds associated with storms;
      • help prevent erosion of riverbanks which in turn protect adjacent properties; and 
      • harbor unusual wildlife, which provides valuable opportunities for education,   
scientific study and tourism.
MANGROVE RESOURCE UTILIZATION
In the past, the mangrove forests of Brunei Darussalam were a major source of wood for 
the charcoal industry (Lim and Sharifuddin 1975), firewood for local use and for export and 
manufacture of dye used in the tanning industry. At present, mangrove forests continue to be 
exploited for charcoal and poles for filling in the construction work. Charcoal production, 
however, is declining because of the increasing use of natural gas (Stewart 1986).
On the other hand, the demand for mangrove poles has increased markedly in recent years as 
a result of the substantial development of the construction industry. Some mangrove areas are 
being developed as residential and industrial sites and coastal aquaculture sites in Brunei-Muara 
District. These are: 154 ha Pengkalan Sibabau resettlement project, 33 ha industrial site in the 
Kg. Lumut, and 10 ha shrimp farm project at Pengkalan Sibabau.
MANGROVE MANAGEMENT AND CONSERVATION
Understanding the existing and potential adverse consequences on these valuable mangrove 
forests in the country due to human activities, the DOF implemented a mangrove management 
program in 1992 (DOF-MIPR 1992) to promote the sustainable development of the mangrove 
resources of Brunei Darussalam thus, optimizing the benefits to its present and future generations. 
The program pursues the following specific objectives. 
      • To preserve mangrove systems needed for the protection of genetic resources and  
   biological diversity and as source for restoring areas where management has failed  
   or accidents have occurred;
      • To conserve mangrove resources (plant, animals, physical space or land) for   
   maximum benefit of the people; and
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•    To minimise or avoid conversion uses (e.g. housing, aquaculture, and agriculture) that 
eliminate mangrove resources.
In order to achieve these objectives a mangrove use zonation scheme (Zamora 1992) has been 
proposed to allocate the 18,418 ha of mangroves as follows:
2.   58% (10,686 ha) for conservation and environment protection;
3.   41% (7533 ha) for wood production (poles, charcoal) on a sustainable basis; and
4.   1% (199 ha) for conversion uses into brackishwater aquaculture and human 
occupancy.
A reforestation scheme was also proposed under this program particularly for wood production 
areas.
IMPACT OF SHRIMP FARMING ON MANGROVE HABITATS
Brackishwater shrimp farming industry has been blamed to cause massive destruction of 
mangrove forests in many parts of the world. The estimated world wide loss of primary 
mangrove forests due to shrimp farming during the last two decades is about one million ha 
(Greenpeace report 1997). The industry also blamed to cause heavy silt accumulation in the 
areas where extensive mangrove clearance has occurred, and destroy other important habitats 
such as seagrass beds and coral reefs. 
In Brunei Darussalam, a responsibility has been given to DOF to ensure a sustainable development 
in brackishwater shrimp farming. Hence, the development of shrimp farms in the country is 
carried out under the strict vigilance of the DOF. All aquaculture farms in the country are required 
to register with the DOF and obtain a permit for pond construction and subsequent operations. 
The shrimp farmers are required to follow the instructions given by the DOF.
Aside from the land code (Chapter 40 Article 12) stipulating that a belt of land fifty yards wide 
is reserved to the state along the banks of all rivers, streams and creeks and along the sea shore 
above high water marks, the DOF also ensure that in developing shrimp farm areas, a buffer 
zone of 50 to 100 meters in coastal and river areas, is strictly observed. So far, shrimp farming 
in Brunei Darussalam does not show significant impact on the mangrove habitats as the industry 
is small and the government strictly controls its expansion. 
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THE USE OF MANGROVES FOR AQUACULTURE: CAMBODIA
Srun Lim Song 
Aquaculture Bureau
Department of Fisheries
Ministry of Agriculture, Forestry and Fisheries
Phnom Penh, Cambodia
INTRODUCTION
Natural conditions of the coastal and ecosystems of Cambodia have made this country rich 
of biodiversity resources. Cambodia’s 435 km coastline is covered with large estuaries with 
about 85,100 ha of mangrove forests (Nelson 1999). Even the coastline disadvantageously 
compares to that of other countries of the Southeast China Sea region, but its natural creations 
such as large and small bays, number of big and small inshore and off-shore islands, sea floor, 
oceanic current, freshwater rivers and streams, weather etc., support the diversification of all 
bio-resources. Fortunately, due to the fact that most Cambodians are interested in inland rather 
than coastal aquaculture, as well as suitable development management and conservation policies 
of the Government in the past, these natural habitats remained pristine until 1970. However, the 
habitats have been disturbed because of the various exploitation and development works for 
several decades during the wartime and even after, due to lack of managerial strategy.
Cambodia had joined the Biodiversity Convention since February 1994, but until now, due to 
economic depression and poverty, the national awareness on the importance of biodiversity 
conservation is very limited. The crowded competition on exploitation of nature including 
coastal and marine resources, have been very aggressive in recent years that degraded the 
natural environment faster. Currently, many efforts and attempts by NGOs and international 
organizations have been made in collaboration with the Ministry of Environment and the Ministry 
of Agriculture, Forestry and Fisheries, to alleviate the marine and coastal resources pressures.
MANGROVE FOREST AND ITS EXPLOITATION PRESSURE
The mangrove vegetation of Cambodia spreads almost all along the coastline, but large and 
dense forests are found at the main estuarine areas of Peam Krasob, Andong Tuk, Sre Ambel, 
Chak Sre Cham and at the delta of Prek Kompot. ADB (1996) and Nelson (1999) showed that 
in 1992/93 the mangrove area covered about 85,100 ha of which about 63,700 ha is located in 
Koh Kong Province; 13,500 ha in Sihanouk Ville; and 7900 ha in both Kompot Province and 
Kep Resort City (Table 1).
The mangrove flora of Cambodia belongs to 35 families, 53 genera and 74 species including 
plants that occur even with limited salinity influence (Chun Sareth, 1993). Rhizophora mucronata 
and Rhizophora conjugata are significantly important. However, this mangrove resource is now 
under threat of:
1.   anarchy exploitation for charcoal production, firewood and export;
2.   being claimed for establishment of shrimp farms;
3.   being claimed for establishment of salt pans;
4.   being claimed for establishment of rice fields; and
5.   anarchy exploitation for construction materials.
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Reportedly, this resource had also been exploited since the French Protected Period under 
strict control and reforestation program especially in Koh Kong Province (Pers.com). Anarchy 
exploitation of mangrove for firewood and charcoal took place during wartime and after 1979, 
due to poor management. This was intensified since 1990s and strongly intensified after the 
mid of 1994.
Table 1: Published data on mangrove forest coverage (ha) in Cambodia
                                        Province                                     Total in          Source 
          Koh Kong         Sihanouk Ville          Kampot     Cambodia         
                                                                                  83.600          Landsat 1988-89 
             63.200                    7.300                    17.400          83.600           MRC, Landsat 1992 
             63.700                   13.500                    7.900           85.100           MRC/UNDP/FAO, 1994 
             63.700                   13.500                    7.900           85.100           ADB, 1996, Nelson 1999 
AQUACULTURE IN MANGROVE AREAS
Intensive shrimp culture activities along the coastline of Cambodia are carried out mainly in Koh 
Kong Province near Thailand. Information on the intensive shrimp farming in 1994, showed 
an area of 850 ha with production of 731 mt/year (DOF, 1995), but now only about 20% of 
that area is under operation adopting the extensive system, due to diseases outbreak. The main 
cultured species is Penaeus monodon with pond yield, which is reported to be high, up to 7-8 
mt/ha/year for the new starting farms and its good profit has attracted further investment.
However, the industry in Koh Kong is increasingly affected by the serious negative side effects 
common in intensive shrimp farming. Economic losses due to shrimp disease outbreak and self-
pollution of the culture areas caused by indiscriminate discharge of pond effluents and resource 
conflicts have been experienced, particularly with farms located in or near mangrove areas.
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A survey on sustainable shrimp farming management conducted by NACA in early 1996 
concluded that the intensive shrimp farms had an average production of 7545 kg/ha/year, with 
a national sale value of US$ 42 million/year. Although the intensive shrimp farm has a high 
sale value, the farmers also faced significant environmental problems (especially in the sites 
located in the acid sulphate and/or acidic sandy soil), indicating estimate national losses of US$ 
28.6 million/year. These high losses suggested that urgent actions are required to improve the 
environmental sustainability of shrimp farming in Cambodia. 
Table 2: Fish production of Cambodia
        
                                                                                                                                                      
            Year                  Inland                 Marine                    Fish              Shrimp            Total
                                                                  Capture (t)                                Aquaculture (t)          
                  
Source:     Fisheries Department, Cambodia (2002); Ministry of Economic and Finance (1999); 
So Nam et al. (1999); Limsong S. at al. (2003)
*   Total production, including rice-field fisheries, small scale, medium scale and large-scale 
fishing. Before 1999 the rice-field fisheries and small-scale fishing were not included.
MANAGEMENT OF SHRIMP FARM
In order to save the industry, the Department of Fisheries of Cambodia has placed the following 
restrictions on shrimp farming:
•    no encroachment of mangrove forest by shrimp farms;
•    treatment of shrimp pond water waste before these are discharged into the sea; and
•    construction of shrimp farms 150 m beyond the shoreline.
However, these guidelines are poorly respected and enforced, even though the shrimp farmers 
are aware of the negative impact of shrimp farming on the environment. The Department of 
Fisheries in collaboration with the NGOs try to reduce the threat of mangrove forest by conducting 
a series of training-workshops attended by a large number of people from 26 villages, where 
guidelines on the conservation and sustainable use of mangrove resources were formulated. 
Through the designation of reserved and protected areas providing benefits to the environment, 
the local communities fear losing such benefits from the daily use of the mangrove resources.
IMPORTANCE OF MANGROVE RESOURCES
Mangrove trees provide a variety of valuable products such as timber, fuel-wood, charcoal, 
construction materials, etc. Mangrove swamps are nursery areas for a large number of marine 
species such as penaeid shrimps, mud crab, fish and mollusks, etc. In general, mangrove forests 
play a very important role in coastal protection and land reclamation, serving as buffer against 
the impact of wave action and slow down erosion along the coastline.
              1988                  61,200                  21,000                    4,600                   -                 86,800 
            1989                  50,500                  26,050                    5,538                   -                 82,088 
            1990                  65,100                  39,900                    6,400                   -                111,400 
            1991                  74,700                  36,400                    6,700                   -                117,800 
            1992                  68,900                  33,700                    8,550                   -                111,150 
            1993                  67,900                  33,100                    7,400                 500              108,900 
            1994                  65,000                  30,000                    7,640                 560              103,200 
            1995                  72,505                  30,500                    8,773                 731              112,510 
            1996                  63,510                  31,200                    9,000                 600              104,310 
            1997                  73,000                  29,800                   11,534                266              114,600 
            1998                  75,700                  32,200                   13,903                197              122,000 
            1999                231,000*                38,100                   14,938                 62               128,100 
            2000                245,600*                36,000                   14,410                 20               296,030 
            2001                385,000*                42,000                   17,357                143              444,500 
            2002                360,300*                45,850                   18,197                 53               424,400 
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Mangroves also provide natural protection of sea dikes, along the stretches of coastline where 
accretion takes place mangroves colonize the newly formed mud flats, and trap and stabilize 
sediments. The large amount of leaf litter produced by the mangrove trees provides the base of 
natural food chains in the estuarine and coastal waters. During decomposition, litters are enriched 
with proteins from the microorganisms that break down the leaves. This protein-enriched plant 
detritus provide the main food for juveniles of commercially important penaeid shrimps that 
spend part of their life cycle in brackish tidal swamps.
Plant detritus are transported seaward by the current and the nutrients released from the 
mineralization process support primary productivity in estuarine and coastal waters. Besides, 
many estuarine organisms feed directly on detritus (Luu, 2000). Moreover, a huge number of 
reptiles, birds and mammals made up the terrestrial wildlife fauna in mangrove forests. Thus, 
the rehabilitation of mangrove forests can increase the population of such animals, including 
wild boars, crocodiles, monkeys, water birds, fishes and shrimps, etc.
STRATEGIC PLAN TO IMPROVE MANGROVE AREAS
Shrimp culture may have led to the destruction of mangrove forests however it is one of the 
effective ways to upgrade the livelihood of the poor. The best recommendation therefore is to 
adopt mangrove-friendly aquaculture models to ensure sustainable development, in order that 
a number of strategic plans could be considered. Among these are:
•    controlling human population in mangrove forest areas;
•    conducting research on critical areas for sustainable management;
•    creating awareness through providing education and training;
•    establishing community development for each zone and areas;
•    improving credit system serving the poor with low interest;
•    providing alternative jobs to reduce pressure on mangrove destruction;
•    replanting the mangrove forests;
•    setting up the effective extension network for the local communities; and
•    zoning of protected and conserved mangrove areas.
POLICY ON FISHERIES MANAGEMENT
In general, according to the recent Socio-economic Development Plan of Cambodia, the national 
fisheries management policy aims to:
•    improve fisheries products for home consumption and export;
•    manage, conserve, protect and develop sustainable fisheries resources; and
•    emphasize on inland aquaculture in rural areas as a protein source and supplementary 
food produce.
RECOMMENDATIONS
The strategic plan for coastal development and management and conservation need to be 
systematically done through the basic objective of sustainability, equity and efficiency of all 
related sectors of the targeted provinces along the Cambodian coastline. 
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Therefore, the recommendations of the development program on appropriate mangrove 
management in Cambodia, includes:
•    having a strong support from the provincial government;
•    promoting capacity building for development management;
•    strengthening the productive capacity, infrastructure and services;
•    having a master plan for coastal zone management;
•    promoting people participation in development management of natural resources; and
•    establishing international/regional cooperation.
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Indonesia has more than 17,500 islands and 81,000 km of coastline which bears the biggest 
mangrove area in the world,  based on the data given by a source in 1982, which stated that 
mangrove areas was 4.25 million ha or 27 % of the mangrove areas in the world. Table 1 shows 
the distribution of mangrove areas in Indonesia.
Table 1. The distribution of mangroves in Indonesia
      No                                                                                      Mangrove Area (Ha) by Different Sources 
                         Province                                     DG of Fisheries              Sievius et.al               Giesen 
                                                                                          (1982)                           (1987)                    (1993) 
               SUMATERA
        1     Aceh                                                                         54,350                     55,000                 20,000 
        2     North Sumatera                                                        60,000                     60,000                 30,750 
        3     West Sumatera                                                                   0                              0                   1,800 
        4     Riau                                                                        276,000                   470,000               184,400 
        5     Jambi                                                                        65,000                     50,000                   4,050 
        6     South Sumatera (incl. Babel)                                 195,000                   110,000               231,025 
        7     Bengkulu                                                                           0                     20,000               < 2,000 
        8     Lampung                                                                  17,000                       3,000                 11,800 
               JAVA & BALI                                                                                                                                 
        9     West Java (incl. Banten)                                           28,608                       5,700               < 5,000 
       10    Central Java                                                              13,577                       1,000                 13,577 
       11    East Java                                                                     7,750                          500                      500 
       12    Bali                                                                             1,950                          500                  < 500 
               LASSER SUNDA                                                                                                                           
       13    West Nusa Tenggara                                                   3,678                              0                   4,500 
       14    East Nusa Tenggara                                                    1,830                     21,500                 20,700 
               KALIMANTAN                                                                                                                              
       15    West Kalimantan                                                      40,000                     60,000                 40,000 
       16    Central Kalimantan                                                  10,000                     20,000                 20,000 
       17    South Kalimantan                                                     66,650                     90,000                 66,650 
       18    East Kalimantan                                                     266,800                   750,000               266,800 
               SULAWESI                                                                                                                                     
       19    North Sulawesi (incl. Gorontalo)                               4,833                     10,000                   4,833 
       20    Central Sulawesi                                                                0                              0                 17,000 
       21    South Sulawesi                                                         66,000                     55,000                 34,000 
       22    Southeast Sulawesi                                                   29,000                     25,000                 29,000 
               MALUKU                                                                                                                                       
       23    Maluku (incl. North Maluku)                                 100,000                     46,000               100,000 
               PAPUA                                                                                                                                            
       24    Papua                                                                   2,943,000                1,382,000            1,382,000 
               TOTAL                                                               4,251,000                3,235,700            2,490,185 
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The table also indicates that the later data in 1987 and 1993 the total mangrove areas were only 
3.23 and 2.49 million ha, respectively, and theses have been reportedly reduced by about 1.0 and 
0.8 million ha, respectively, allegedly due to aquaculture. Various sources also supply different 
data, but generally, the tendency of deforestation in mangrove areas is also shown.
Brackishwater pond culture was always suspected to be the main cause of the deforestation. 
Nevertheless, the development of brackishwater pond area does not support the allegations. From 
the data given by the Directorate General of Fisheries, brackishwater pond area in 1982, 1987 
and 1993 are 220,400 ha, 263,200 and 331,800 ha, respectively, which means only about 22% 
ha (of the 1.0 million ha reduction) and 41% ha (of the 0.8 million ha reduction) may have 
caused the mangrove area reduction. In reality, not all of the brackishwater ponds are developed in 
mangrove areas as some of them are in coastal sand areas.
ROLE AND POTENTIAL OF MANGROVES IN THE NATIONAL ECONOMY
For many decades, mangroves have always been used by the Indonesians as source of their 
livelihood. In the mangrove ecosystems, vegetation do not only consist of trees and shrubs, 
but also the unique association of some plants, animals and microorganisms adapted to live 
in the intertidal belt. The role of mangroves to support the national economy can be listed as 
follows:
•    The wood is used as materials for chips, pulp, paper, tannin, timber, fiber, charcoal etc, 
as well as for firewood
•    Ecosystem of mangrove as living resources is a productive organic producing area and 
acts as a main food chain in coastal ecosystems
•    As recreational resort for angling, boating, and bird hunting
•    Coastal protection against abrasion and wind
•    Livelihood of coastal community, especially for fishermen and the fish farmers
ROLE OF MANGROVES AS FISHERY RESOURCE
Mangroves give a significant role for fish and fisheries, as stated by the Asian Wetland Bureau, 
mangroves is needed by 80% of fish species consumed by the Indonesian people. Thus the role 
of mangroves include among others, the following:
•    Protection of fish habitat in coastal area against abrasion and strong wind
•    Exporting agent for organic materials to surrounding coastal ecosystems, as a main 
support for coastal fisheries
•    Nursery ground, feeding ground, spawning ground, and shelter area for juvenile and 
adult fish and shrimp
•    Bio-ecologically as a growing habitat for young fish and shrimp
•    Therefore, the most available area to be converted as brackishwater ponds
PROTECTION AND DEVELOPMENT OF MANGROVE AREAS
Historical Data
Degradation of mangroves is apparent in several coastal areas in Indonesia, mainly because of 
irresponsible mangrove cutting for various utilizations. Mangroves were converted to various 
development activities such as agriculture area development, brackishwater aquaculture ponds, 
pier construction, and others.
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Reasons for the Decreasing Mangrove Areas
The reasons for the degradation of mangroves, which lead to their unsustainability are:
1.   Multiple utilization among different sectors and over utilization of resources have caused 
coastal abrasion
2.   Occurrence of new land as a result of a long siltation process, which may cause conflict 
of ownership and/or land status
3.   Conversion of mangroves to residential area, brackishwater ponds, industrial village, 
salt ponds, and others
4.   Rapid development of coastal population which leads to the increase of its living 
requirements
5.   Insufficient institutional and legal framework, such as the rights conflict between central 
and local government
6.   Lack of information on coastal ecosystems, variability of resources, etc.
7.   Very low understanding and also consideration of coastal people about the function of 
mangroves
LAWS, RULES, REGULATIONS AND POLICIES ON MANGROVES
Historical Overview
Act No. 5/1990 on Conservation of Living Natural Resources and its Ecosystems stated that 
the utilization of the living resources and its ecosystems is done, among others through the 
utilization of mangrove forest and its environment.  Presidential Decree No 32/1990 regulates 
the utilization of conservational forest, especially mangrove forest area.
Existing Legal Framework
Fishery Laws with Relevance to Mangroves
Recognizing the importance of mangrove ecosystems, legal frameworks have been produced 
in relation to regulate the responsible utilization of mangrove. The regulations are shown in 
Table 2.
Environment Laws with Relevance to Mangroves
Environmental regulations with relevance to mangroves could also be seen in Table 2.
Policy Options
Policy to be taken for the sustainable use of mangrove should accommodate the participation 
of coastal communities. It should therefore consist of:
1.   Developing the public awareness on the role of mangroves on environment and 
aquaculture
2.   Accommodating self re-plantation of mangroves by coastal community
3.   Disseminating environment-friendly aquaculture technology, consisting of demonstration, 
training, information, etc.
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Table 2. Regulations related to mangroves utilization in Indonesia
No
1
          
2
          
          
3
          
4
          
5
          
6
          
          
7
          
8
          
          
9
          
10
          
11
          
12
          
          
13
Regulation
Act No. 4/1982 on Main Rules of 
Environmental Management 
Act No. 5/1990 on Conservation of 
Living Resources and its Ecosystems 
Act No. 24/1992 on Spatial Planning 
Government Regulation No. 51/1993 on 
Environmental Impact Analysis 
Government Regulation No. 28/1985 on 
Forest Conservation 
Presidential Decree No 32/1990 on 
Management of Conservation Area 
Agriculture Ministerial Decree No. 
837/Kpts/Um/11/1980 on Criteria 
and Mechanism of Establishment of 
Conservation Forest 
Joint Agriculture and Forestry 
Ministerial Decree No. 550/246/Kpts.14 
1984 on Assignment of Forest Area for 
Agriculture
Agriculture Ministerial Instruction 
No.13/Ins/Um/7/1975 on Management 
of Mangroves    
Agriculture Ministerial Decree 
No. 752/Kpts/OT.210/10/94 on 
Technical Guidelines for the Effort 
of Environmental Management and 
Environmental Monitoring of the 
Agriculture Activities and Business 
Agriculture Ministerial Decree No. 
25/Kpts/OT.210/1/95 on the Technical 
Guidelines for the Environment Impacts 
Analysis of the Agriculture Activities 
and Business     
DG of Forestry Decree No. 60/Kpts/DJ/
1978 on Guidance for Brackishwater 
Silvofishery Systems DG of 
Fisheries Instruction No. HI/4/2/18/75 
on Establishment of Greenbelt of 400 
Wide from Coastline 
Short Description
Conservation of living and non-living natural 
resources including its ecosystems, artificial 
resources, and of natural preservation 
Conservation on buffer zone, diversity of flora 
and fauna and the ecosystems, natural reservation 
area, sustainable management of living natural 
resources and its ecosystems (mangroves 
included)    
This Act is a basis of the Government to plan 
the utilization of land, marine areas and aerial 
space    
Regulation on environmental impact analysis, 
environmental management and environmental 
control for any type of industry which may have 
impact on its environment 
      
Basic policy, establishment and control of 
conservation areas (including mangroves as 
greenbelt))  
             
Production forest can not be used for development 
of agriculture, and arrangement of mangrove 
area for the development of aquaculture, 
which establishing 200 meters of mangroves as 
greenbelt    
Regulates the responsible management and 
utilization of mangroves 
Based on this decree, a farm cultivating shrimps 
on pond area of 5 ha to 50 ha adopting intensive 
or semi-intensive production intensities with 
a processing unit should have environmental 
management and environmental monitoring 
plans.    
Shrimp culture conducted on a farm of 50 
ha or more should assess it impacts on its 
environment      
A guideline for the development of silvofishery 
Instruction on the establishment of green belt 
within a wide of 400 m from the lowest tidal 
along the coastal zone 
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PROGRAM ON THE RESPONSIBLE USE OF MANGROVES FOR AQUACULTURE IN INDONESIA
A program on the responsible use of mangroves for aquaculture was established in 1994 to:
(a)  develop community awareness on the implementation of environmental friendly 
aquaculture, and
(b) develop the aquaculture system with consideration on the sustainability of 
conservation area including mangrove ecosystems as a greenbelt.
In 2003, this program involves 12 provinces and 18 districts in the country.
The field activities of the program consist of:
1.   Empowering farmer group models
This activity establishes the farmers group that will be cooperating in the 
implementation of environment-friendly aquaculture.
2.   Development of brackishwater aquaculture post harvest facilities
This is to provide handling space and develop a strong cooperation among the 
members of the groups.
3.   Rehabilitation of irrigation canals
This is to increase the pond productivity of the group members.
4.   Mangrove plantation (reforestation)
The mangrove plantation is done to improve the environmental quality, and at 
the same time to build the awareness among group members and surrounding 
communities.
5.   Development of mangrove crab and/or Anadara reservation area
The reservation area is developed for the sustainability of the species population of 
mangrove crab and the mollusk Anadara spp, as natural hatchery for the development 
of the species aquaculture.
6.   Demonstration of environmental friendly aquaculture/silvofishery
This activity aims to demonstrate and motivate the farmers to adopt the technology.
7.   Technology development and group empowerment
This activity is aimed at enhancing the technical capability of the farmers as well as 
strengthening the collaboration among themselves.
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THE USE OF MANGROVES IN MALAYSIA






Malaysia’s coastline is estimated to be 4,810 km distributed along the West Coast Peninsular 
Malaysia (1110 km), East Coast of Peninsular Malaysia (860 km), Sabah (1800 km) and Sarawak 
(1040 km). Malaysia has a land area of about 329,758 km2 and about 150,000 km2 of territorial 
waters and an Exclusive Economic Zone of 450,000 km2. The mangrove forests in Malaysia, 
occur mainly along the west coast of Peninsular Malaysia, at the estuaries of Sarawak (1st 
Division), Rejang (6th Division) and Trusan-Lawas (5th Division) rivers of Sarawak and along 
the east coast of Sabah. 
Mangroves comprise less than 2% of the total land area in Malaysia. There are 641,886 ha of 
mangrove forests in Malaysia, of which 57% are found in Sabah and 26% in Sarawak and the 
remaining 17% in Peninsular Malaysia. Figure 1 shows the wetland (mangrove and swamp 
forest) areas in Malaysia. Of the total, 441,092 ha or 69% have been gazetted as forest reserves. 
Currently, there are a total of 112 mangrove forest reserves in the country. These reserves form 
part of the country’s Permanent Forest Reserve (PFE), which is managed sustainably for both 
production and protection by the Forestry Department. 
In Peninsular Malaysia, mangrove forests account for about 106,544 ha of land. Of this total, 
about 88,667 ha (83.2%) are gazetted as PFEs while the remaining 17,867 ha (16.85%) are 
Stateland Mangroves (Table 1). There are 74 mangrove forest reserves of which 54 reserves 
occur on the West Coast, 13 reserves occur on the East Coast and the remaining 7 reserves occur 
along the Straits of Johore.
Fig. 1.  Wetland areas of Malaysia: 
Peninsular Malaysia (above), and 
Sarawak (left) and Sabah (right)
Total Mangrove Areas: 641, 886 ha
Peninsular Malaysia: 106, 554 ha
East Coast
West Coast
Sarawak: 167, 312 ha
Sabah: 386, 000 ha
SabahSarawak
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In Sabah, mangrove forests cover 73% of its 1800 km coastline and are found mainly on the 
East Coast, West Coast as well as estuaries of the Klias and Padas Rivers. Mangroves in Sabah 
cover a greater area than in any other state in Malaysia. The extent is about 368,000 ha or 57% 
of the country’s total. About 86% is designated as PFEs with only 14% remaining as Stateland 
Forests.
Table 1: Extent of mangrove forest reserves and stateland mangroves in Malaysia (Area in hectares - ha)
                    State                         Forest Reserve               Stateland                Total 
             Johore                                       17,029                        8,050                    25,079 
             Kedah                                          7,949                                -                       7,949 
             Kelantan                                             -                                -                               - 
             Malacca                                         338                           100                         438 
             Negeri Sembilan                            540                           727                      1,267 
             Pahang                                        2,483                        8,990                    11,473 
             Penang                                           451                                -                          451 
             Perak                                         43,502                                -                     43,502 
             Perlis                                                  -                                -                               - 
             Selangor                                    15,090                                -                     15,090 
             Terengganu                                 1,295                                -                       1,295 
             Sabah                                      317,423                      49,927                  367,350 
             Sarawak                                    34,992                    133,000                  167,992 
             TOTAL                                  441,092                    200,794                  641,886 
Role and Potential of Mangroves in the National Economy
The values of the mangrove resources are many and of great importance to the socio-economy 
of the country. However, some of these values are intangible and very little is appreciated by 
most people especially the urban dwellers. The importance of these resources is derived from 
the direct products taken from the mangrove forests as well as from the amenities provided by 
the resource from within and beyond their boundaries.
Products taken from the mangrove forests are mainly wood for charcoal, poles and firewood. 
In terms of economic value per hectare per annum of timber, the mangrove forests have been 
amongst the most valuable in the country. The leaves of the nipah palm, (Nypa fruticans), are 
used for making roof thatches and cigarette wrappers, while the inflorescences are tapped for 
nipa sugar for conversion into alcohol. In Sabah and Sarawak, mangrove timber is an important 
source of wood-chips for the manufacture of rayons.
ROLE OF MANGROVES AS FISHERY RESOURCE
Mangrove ecosystems are important for the maintenance of the local coastal fishery industry 
in Malaysia. The fisheries products that are harvested from the mangrove ecosystem include 
many shrimp species, which are caught in the mangrove waterways or in adjacent coastal 
waters. Edible mud crab (Scylla serrata) and gastropods (Cerithidea spp.) are common in the 
mangroves while cockles (Anadara granosa) are abundant in mud flats. Together, they provide 
an important commercial food source. It is estimated that through the fishing industry alone, the 
mangroves of Peninsular Malaysia contribute RM650 million annually to the national economy. 
As a whole, Malaysia’s wetlands directly or indirectly contribute more than RM5 billion to the 
economy every year.
Under natural conditions, mangrove forests act as seaward barriers against coastal erosion and 
help stabilize the coastline. The mangrove environment is also a spawning and nursery ground 
for many marine shrimps and fishes. Detritus and nutrients exported out of the ecosystem 
through tidal flushing form the food base for marine micro-organisms, which in turn support 
the valuable estuarine and near shore fisheries.
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It is interesting to note that on the West Coast of Peninsular Malaysia, where most of the 
mangroves are found, shrimps are caught throughout the year. On the East Coast of Peninsular 
Malaysia, where little mangroves occur, shrimps are only caught during the months of November 
to March, when the current is moving south from the Gulf of Thailand.
In Malaysia, the total landing of shrimps (2001) was 77,465 mt. On the West Coast of Peninsular 
Malaysia where the bulk of the mangroves are found, the total landing of shrimps was 49,324 
mt as compared to 5632 mt landed on the East Coast, 12,221 mt in Sarawak, 9779 mt in Sabah 
and 509 mt in Labuan. The total value of shrimp landing for the year was RM875 million. 
In 2001, the total fish contribution from brackishwater aquaculture was 133,559 mt. The culture 
of cockles in mangrove mud flats in Peninsular Malaysia, is the most important brackishwater 
culture in terms of production, and contributes to over 90% of the mariculture production. Around 
4700 ha of mud flats, are utilized for this culture and the production in 2001 was 70,815 mt 
valued RM 55,731,480 (53%). Cockles are mainly cultured in the West Coast mangrove shores 
off the states of Penang, Perak and Selangor. 
In Malaysia, the area under brackishwater aquaculture (ponds) constitutes less than 1% of the 
total mangrove area; another 30% are utilized for various purposes - human settlements, ports, 
jetties, airports, tourist resorts, industries, and agriculture. Other brackishwater aquaculture 
related activities and its contribution to fish production in 2001 include oyster culture (264 mt), 
semi-intensive culture of tiger shrimps (29,147 mt), mussel culture (6880 mt), seaweed culture 
(18,862 mt) and fish cage culture (7591 mt).
PROTECTION AND DEVELOPMENT OF MANGROVE AREAS
By virtue of their large landmass, Sabah and Sarawak account for 83.5% of all mangrove 
areas in Malaysia. Sabah, alone has 57% of the total mangroves in Malaysia. In 1990, it was 
estimated that there were about 650,000 ha of mangroves in Malaysia. It has been reported 
that between 1970-1990, an estimated 20% of mangroves (130,000 ha) have had their uses 
converted. By 1994, forest reserves under mangrove status comprise only 441,000 ha. Hence, 
about one third of the mangroves have been degazetted over a 25-year period, or about 8000 
ha per year. Mangrove areas have been converted mainly for agricultural purposes through 
bonding of shoreline areas.
The Larut Matang Mangrove Forest Reserve in the West Coast of Peninsular Malaysia, widely 
regarded as the best managed mangrove forest in the world, has been sustainably utilized for 
timber since the 1920s. Its total annual revenue from timber has been estimated at US$6.0 M with 
about US$450,000 going to the State as royalty and other taxes. This area came under reservation 
as early as 1902 and it was not until 1906 that the whole of the Matang Mangroves were finally 
gazetted covering an area of approximately 40,000 ha. This forest is a State Government Reserve, 
created by a Gazette Notification under the Forest Laws, National Forestry Act 1984. The 
Matang Mangroves is managed by the State Forestry Department of Perak whereas the District 
Forest Office of Larut-Matang is directly responsible for the implementation and monitoring 
of the Work Plan.
The Forestry Department of Peninsular Malaysia provides the general supervision and policy 
guidelines in the management, conservation and preservation of the reserves. The Matang 
Mangroves has almost a century of management history so well documented through the numerous 
working plan and diligently prepared to ensure maximum benefit to the communities.
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The Matang Mangroves Working Plans have also become a reference material in the management, 
silviculture and conservation of mangrove forests. The Management Plan involves felling cycles 
of about 30 years with planting (of selected species) where natural regeneration is poor or absent. 
Management is centered on the production of charcoal, poles and firewood. 
National Parks or conservation areas of mangroves ensure posterity while the conservation of 
mangroves through sustainable yield management ensures prosperity. According to statistics 
of 1993, there are 5670 areas of gazetted mangrove conservation areas in Malaysia. Among 
them are:
a.   the Kuala Selangor Nature Park (about 320 ha), the largest protected mangrove area in 
Peninsular Malaysia. A Non-Governmental Body has put up a commendable and very 
successful effort to develop the necessary infrastructure for an educational site.
b.   Kuala Gula Mangroves in Perak – This is one of the bestknown bird nesting site in 
mangroves in the country. This is also part of the Matang Forest Reserve. 
LAWS, RULES, REGULATIONS AND POLICIES ON MANGROVES
Existing Legal Framework
Under the Federal Constitution of Malaysia, land matter falls under the jurisdiction of different 
State Governments. The National Land Code 1965 is an act, which introduced a uniform system 
for land administration in Peninsular Malaysia. Provisions under this Act include the vesting 
of unalienated land within a state in the state authority, including minerals and rock materials. 
However, for any land, which is being alienated, the power to approve or refuse an application 
rests with the State Authority with reference to the Town and Country Planning Department or 
local authority so that the land approved for the development will be in accordance with any 
plan proposed for a certain area.
The National Land Council was established to play a role in resolving land-use issues and 
facilitated the adoption of a comprehensive and co-ordinated approach in land use planning. Other 
related acts include the Town and Country Planning Act 1974 (Amended 1994), formulation of 
Structure and Local Plans and the Land Conservation Act 1960. 
NATIONAL FORESTRY ACT 1984 AND ENVIRONMENTAL QUALITY ACT 1974 
(AMENDED 1985)
The National Forestry Act 1984 provides for the administration, management and conservation 
of forests and forest developments within the states in Peninsular Malaysia.  The states of 
Sabah and Sarawak have their own state laws on forestry. Section 7(1) of the National Forestry 
Act 1960 provided the state to gazette any land as a permanent forest reserve. To enhance the 
effectiveness in forestry enforcement, the National Forestry Act 1984 was amended in 1993 and 
the Environment Quality (Prescribed Activities) Environmental Impact Assessment (EIA) Order 
1987 is used with the National Forestry Act to protect the forest environment and biodiversity, 
in particular the logging of natural forests. Guidelines for the environment impact assessment 
(EIA) have also been drawn up to assist the proponents of major development projects to meet 
environmental standards. Some type of activities which are subjected to Environment Quality 
(Prescribed Activities) (Environmental Impact Assessment) Order 1987 are agriculture, airport, 
drainage and irrigation, land reclamation, fisheries, forestry, housing, industry, infrastructure, 
housing, industry, infrastructure, ports, mining, petroleum, power generation and transmission, 
quarries, railways transportation, resort and recreational development, waste treatment and 
disposal, water supply and development of hill-slopes and golf courses, etc.
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Fisheries Act 1985
The Fisheries Act 1985 is the most recent Act implemented to manage, develop, conserve and 
control marine fishing and marine fisheries resources in Malaysian fisheries waters. The objective 
of this Act is to provide for better conservation, management and development of fisheries in 
Malaysia. Briefly, the Act covers:
•    Administration of fisheries in Malaysia
•    Licensing and management of local/estuarine fishing operations
•    Control of fishing by foreign fishing vessels in Malaysian fisheries waters
•    Offences, prohibitions and control of certain methods of fishing.
•    Establishment of marine parks and marine reserves
•    Offences and legal procedures relating to the implementation of the Act. 
The fisheries regulations that have been made under the Fisheries Act include the following:
a.   Fisheries (Marine Culture System) Regulations 1990
     This regulation provides for procedures for the application of permit for the establishment 
of marine culture systems such as cage culture, pole culture, etc. and licensing of such 
systems with conditions attached. This regulation is for the control of aquaculture 
activities and to control pollution arising from such culture systems.
b.   Fisheries (Maritime) Regulations 1967
     This regulation provides for procedures for the application of licences for different types 
of fishing crafts with licence fees, deposits and conditions attached to such licences. 
This regulation is applicable in the maritime waters off the East Coast and West Coast 
of Peninsular Malaysia.
c.   Fisheries (Maritime) Regulations (Sarawak) 1976
     This regulation is applicable in the waters off the coast of Sarawak. This regulation 
provides for procedures for the application of fishing craft licences, licence fees, deposits 
and conditions attached to the licences for different types of fishing appliances.
d.   The Fisheries Regulations (1964)
     This regulation is applicable in the waters off the coast of Sabah. This regulation also 
provides for procedures for the application of fishing craft licences, licence fees, deposits 
and conditions attached to the different fishing appliances licences.
e.   Establishment of Marine Parks & Marine Reserves Order 1994
     The waters around 42 islands in the Malaysian fisheries waters have been gazetted as 
Marine Parks Malaysia. Fishing and collection of fish and other aquatic animals in these 
gazetted areas are prohibited.
f.    Fisheries (Conservation & Culture of Cockles) Regulations 2002
     This regulation is for the management, control and licensing for the collection of adult 
cockles and cockle spats from natural spatfall and culture areas. The size for the collection 
of adult cockles and cockle spats is also determined in this regulation and there is also 
a fee charged for the licence to collect cockles.
g.   Fisheries (Prohibition of Methods of Fishing) Regulations 1980
     This regulation prohibits unsustainable fishing practices such as use of dynamites and 
poison, and electric fishing, pair trawl, beam trawl and drift gill nets of more than 10 
inches for catching rays, etc.
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h.   Fisheries (Licensing of Local Fishing Vessels) Regulations 1985
This regulation is for the licensing of local fishing vessels. It provides for the procedures 
to licence fishing vessels with conditions for marking of vessels, fees and deposits 
payable.
i.    Fisheries (Close Season for the Catching of Grouper Fry) Regulations 1996
This regulation is applicable in the state of Kelantan and Trengganu only. Fishing of 
grouper fry during the month of November to December is prohibited unless permitted 
by the Director-General of Fisheries. 
j.    Fisheries (Prohibited Fishing Methods for the Catching of Grouper Fry) 
Regulations 1996
This regulation prohibits the collection of grouper fry in lagoons and estuary of rivers 
unless licensed to do so. Only fish traps can be used to catch grouper fry in the lagoons 
and estuary of rivers.
k.   Fisheries (Prohibited Areas) Rantau Abang Regulations 1991
This regulation has gazetted the areas in Rantau Abang, Trengganu as a prohibited 
area for fishing unless permitted. The purpose of this regulation is for the protection of 
turtles that beaches in Rantau Abang to lay eggs and this area has been declared a turtle 
sanctuary.
l.    Fisheries (Prohibited Areas) Regulations 1994
The waters around the islands in Sarawak have been gazetted as fisheries protected 
area. Collection of shells, mollusks and corals is prohibited. Fishing is prohibited unless 
licensed to do so.
m.  Fisheries (Prohibition of Import etc. of Fish) Regulations 1990 
This regulation lists out the species of piranha, which is prohibited from import, export, 
sale or kept in captivity unless permitted by the Director-General.
n.   Fisheries (Control of Endangered Species of Fish) Regulations 1999
This regulation lists down all the species of fish and mammals, which are protected 
including the Dugong, whale, dolphin, whale shark and the giant clam, which are 
included in the list of endangered species in the Convention On International Trade of 
Endangered Species (CITES). It is an offense to fish for, harass, catch, kill, possess, sell, 
buy, export or transport any endangered fish as specified in this regulation. Any of the 
listed endangered fish species caught unintentionally shall be released immediately or 
disposed as directed by a Fisheries Officer. 
Policy
Policies and plans that are relevant to the conservation and management of mangrove forests 
include the following:
National Policy on the Environment
This policy is based on seven principles that harmonize economic development goals with 
environmental imperatives. These principles are:
•    Steward of the environment: exercise respect and care for the environment in 
accordance with the highest moral and ethical standards
•    Conservation of nature’s vitality and diversity: conserve natural ecosystem to ensure 
integrity of biodiversity and life support systems
•    Continuous improvement in the quality of the environment: ensure continuous 
improvement in productivity and quality of the environment while pursuing economic 
growth and human development objectives
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•    Wise use of natural resources: manage natural resources utilization in order to protect 
the resource base and prevent degradation of the environment
•    Integration of sustainability in all decision-making: ensure that the policies, objectives 
and mandates of all sectors take into consideration their impact on the environment
•    Commitment and accountability: ensure the highest commitment to environmental 
protection and accountability by all decision makers, resource users, non-
governmental organizations and the general public in formulating, planning and 
implementing their activities
•    Active participation in the community of nations: participate actively and 
constructively as a responsible member of the world community; in the regional and 
global efforts towards environmental conservation and enhancement.
National Coastal Resource Management Policy
This policy proposes to “provide the framework for related policies, strategies and management 
guidelines on coastal resources with a view of facilitating the attainment of Vision 2020 through 
the complementary macro and sectoral policies to achieve the national objective of balanced 
development.
Presently no specific legislation and regulations singularly address the ecological dimension of 
mangrove management, probably because the laws for forest management were established at the 
time when the environmental functions of mangroves were not well understood. In the context 
of management and conservation of mangroves, the National Forestry Policy (1978) applies. 
In Peninsular Malaysia, in order to streamline procedures and practices of forest management, 
the National Forestry Act (1984) has been instituted to bring about uniformity to the hitherto 
diverse and varied State Forest Enactment and Rules.
At present, the Department of Fisheries manages marine resources while the Forestry Department 
governs mangroves, which are gazetted as forest reserves. The Department of Environment 
monitors marine and river water quality. This shows that a cross-sectoral management 
arrangement may be needed. However, the importance of mangroves for a balanced ecosystem 
and to the nation’s economy has never been neglected. 
To further support conservation, the Malaysian Government, in late 1996, announced a freeze 
on further development and agriculture activities in all mangrove swamps within 400 m of 
the coastline, which should be left untouched.  In the same year, the Johor State Government 
decided to call for a halt on all aquaculture activities along river banks and in mangrove areas 
in the State. Several State Governments (Terengganu, Johor and Perak) have stopped approving 
development projects, including aquaculture activities, in or near mangrove forests to preserve 
ecological balance. Malacca became the first State to conduct a detailed Environmental 
Impact Assessment (EIA) study on coastal reclamation. The efforts by both the Federal and 
State Governments towards the conservation of mangroves of Malaysia should be lauded. 
The deterioration of coastal wetlands such as the mangrove forests will cause a great deal of 
ecological and economic loss. 
GENERAL POLICY RECOMMENDATIONS (USE OF MANGROVES FOR 
AQUACULTURE)
In Malaysia, a guideline on the use of the mangrove ecosystem for brackish water aquaculture 
was formulated by the Working Group to the Malaysian National Mangrove (NATMANCOM) 
– a committee formed under the auspices of the National Council for Scientific Research and 
Development, Ministry of Science Technology and Environment. Some of the guidelines on 
the use of mangroves include the following:
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Industry and utilization of mangrove resources in Matang
a.   On choice of site, the priority should be:
      i.    mangrove areas already reclaimed for agricultural purposes, unused or abandoned due 
to poor soil conditions or production
      ii.   landward side of mangrove forest where forestry output is poor or where impact on 
coastal fisheries is the least
      iii.  State land forests which are outside the forest reserves and are mangrove reserves that 
are not managed on a sustained yield basis for environmental or economic objectives.
b.   On the size and location of site:
      i.    there should be a 100 m wide buffer zone along the coast between the pond site and the 
mean high water level of the sea
      ii.   not more than 20% of existing mangrove land in a given district can be cleared for pond 
construction
      iii.  the next project should be constructed at a distance more than 4 times the length of the 
coastline occupied by the first project.
c.   On pond design and culture techniques:
      i.    the pond should be constructed with minimum excavation to avoid problems associated 
with acid sulphate soil
      ii.   the water regimes be managed by pumping rather than be dependent on tidal 
fluctuations
      iii.  use of pellet feeds rather than raw trash fish.
CONCLUSION
While it is recognized that the mangrove ecosystem plays an important role in sustaining 
aquatic resources, it may not be pragmatic to advocate a no-use policy to prevent the 
loss of this important habitat. It may not be realistic to put a total ban on aquaculture in 
the mangroves. It is more realistic to advocate sustainable practices that are not harmful 
to the environment.  
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Larut Matang Mangrove Forest Reserve (left) and Kuala Selangor Nature Park (right)-800 acres of 
mangroves and mud flats
Kuala Gula Bird Sanctuary (left) and the famous 
fireflies in Kampong Kuantan (right)
Eco tourism industry in Kampong Kuantan
Eco tourism in Kampong Kilim Langkawi: eagle feeding (left), boating 
(middle), and seaweed aquaculture (right)
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USE OF MANGROVES FOR AQUACULTURE: MYANMAR
U Tin Win
Department of Fisheries
Ministry of Livestock and Fisheries
Yangon, Myanmar
OVERVIEW OF MANGROVES FOR AQUACULTURE
Mangroves Areas
The Union of Myanmar, with an area of 676,577 km2 and a long coastline of about 2831.84 km 
is rich in aquatic resources. Myanmar’s coastal line can be divided into three coastal regions, 
the Rakhine Coastal Region, the Ayeyarwaddy and Gulf of Mottama Region (the Delta Zone) 
and the Tanintharyi Coastal Region.
Myanmar has extensive mangrove forests in Ayeyarwardy Delta, Rakhine and Tanintharyi. The 
recorded forests of these areas are: Rakhine 64,752 ha, Ayeyarwady 177,256 ha, and Tanintharyi 
140,024 ha (Table 1).
Table 1.  Distribution of mangroves in Myanmar
             Location                                           Area (ha)                      Percent (%) 
             Rakhine State                                      64,752                                16.9 
             Ayeyarwady Division                      177,256                                46.4 
             Tanintharyi Division                        140,024                                36.7 
             Total                                              382,032                              100.0 
Role and Potential of Mangroves in the National Economy
Mangrove forests provide a wide range of goods and services from which local people in coastal 
areas have benefited from time immemorial. The wide range of direct and indirect products 
from mangroves include the following:
•    Under favorable conditions, mangrove trees Rhizophora (“byuchidauk”) can grow big. 
In the Asia-Pacific region, “byuchidauk” is not normally used as timber, but it is used 
for walling and flooring in Myanmar.
•    Heritiera formes (“kanazo”) is the prime timber species used for house and boat 
construction, while the top portion of the tree is used for firewood.
•    Poles from mangrove trees is in great demand for fishing stakes by coastal fishers, it is 
also used in the construction industry.
•    Firewood and charcoal are the main products of the Delta people. “Kanazo”, the most 
favored charcoal-making mangrove species has now become rare. 
•    The versatile Nipa palm provides useful products to traditional village communities 
living near or in the coastal and estuarine mangrove forest areas. A variety of products 
are obtained from the leaves, the juice or sap from the inflorescence stalk, and the fruit. 
As its uses continue, it has become a cottage industry and a commercial operation. Nipa 
palm leaves have traditionally been harvested for roof thatching and for walling. In 
fishing, Nipa leaf petioles are used as float for fishnets, the axes for poles and as rope. 
Nipa is also used to produce vinegar, alcohol, and other fermented beverage.
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Role of Mangroves as Fishery Resource
The importance of mangrove to fisheries is apparent especially for the white (banana) shrimp 
(Penaeus merguiensis), the most important shrimp species in Myanmar because it is dependent 
on mangrove forests for shelter during its juvenile stage. Other shrimps, which also depend on 
mangroves at certain phases of their life cycle include P. monodon, P. indicus, and Metapenaeus 
spp. The larvae, post larvae and juveniles of some penaeids enter the estuarine mangrove areas 
in Myanmar.
Aquaculture has a long tradition in Southeast Asia, using constructed ponds and lakes. With the 
region’s rising population and with seas getting crowded with fishers, there has to be other ways 
to satisfy the demand for additional fish protein. The potential for aquaculture in Myanmar is so 
good that a large part of the food demand can be met by expanding aquaculture thus taking the 
pressure off the “wild stocks.” Aquaculture and mariculture give small–scale fishers a chance 
to widen the scope of their activities and provide them additional profits. These may be the best 
long-term possibilities that would enable a lot of people to stay in the fishing sector. Coastal 
aquaculture also has the greatest potential for future development.
Fish has always been the main source of protein for Myanmar’s people. The consumption rate of 
seafood is estimated to be 18 kg/person/yr. Myanmar practices extensive fish farming particularly 
in the Rakhine State adjacent to Bangladesh. While the shrimp industry has developed rapidly 
in ASEAN countries, Myanmar has just embarked on modernizing this industry. 
Myanmar’s shrimp farmers are fortunate as they learn from the mistakes of other countries. 
The focus of technological development of the country’s shrimp farming is the reduction of 
the environmental impact making more efficient the use of increasingly scarce resources. 
Myanmar’s shrimp culture industry can incorporate these advances through technology transfer 
and adaptation.
Culture of marine shrimps is a major earner for the country’s foreign exchange. There are about 
12,000 ha of traditional fish farms in operation, which are mainly located in the Rakhine State. 
However, the yield from shrimp culture has been very low, about 100 kg/ha/year. The culture 
of sea bass (ka-ka-dit), grouper ( kyauk-nga), is still on a pilot-scale.
The Myanmar Government considers aquaculture in general and shrimp farming in particular, 
high priority for its economy. Shrimp farming is potentially a very large generator of foreign 
exchange. If the 40,000 ha pond area can be brought under semi-intensive culture, the export 
income could be US$400-500 million. The Government’s State Peace and Development Council, 
has established a special program for shrimp culture development. It endorses a strategy, which 
prioritizes semi-intensive culture as the main vehicle for shrimp culture development. The current 
government policy supports and encourages foreign investment in shrimp culture.
PROTECTION AND DEVELOPMENT OF MANGROVE AREAS
Mangrove area is one of the most productive areas, for it helps maintain the food web in aquatic 
environment, protects the soil, moderates salinity, and provides timber, fuel wood, charcoal and 
a range of non-forest products. Wild life inhabits Myanmar’s mangrove forests, among these are 
four species of marine turtles (loggerhead turtle, green turtle, hawksbill turtle and olive ridley 
turtle), the crocodile, the hog deer, wild pig, wild clog, Jackal, Samber deer, other monitor 
lizard, wild cat, and elephant.
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The environmental problems that Myanmar is facing today are not the ones associated with 
industrialization and urbanization but those related to deforestation and loss of biodiversity. 
Although Myanmar has a relatively low population density compared to other countries in 
the region, its forest resources and natural environment have come under growing pressure. 
However, deforestation in Myanmar, unlike in some other developing countries, is not the result 
of commercial extraction of timber but due mainly to cultivation.
There are 65 fish and mollusc species and 13 crustacean species harvested commercially. The most 
important in terms of market value are “hilsa” and sea bass. Economically important crustaceans 
include the mud crab, freshwater prawn and tiger shrimp. Two rice crops per year are possible 
in freshwater areas, but only single cropping is feasible in brackishwater areas. The rice crop in 
the later is produced during the southwest monsoon (rainy season). Potable freshwater becomes 
scarce during the northeast monsoon (dry season).
In Myanmar, there are more than 1.8 million acres of deforested area and among them 100,0000 
acres has been restored annually. Among the many different types of forests, the temperate 
forests is of economic importance. However, as a consequence of rural population growth, some 
forests have been cut down for fuel. The Government is now undertaking serious measures to 
eliminate this by providing alternative wood substitute for fuel.
The Myanmar Forestry Department in collaboration with the Food and Agriculture Organization 
implements the Environmentally Sustainable Food Security and Micro-Income Opportunities in 
the Ayeyarwady (Mangrove) Delta Project (MAY/96/008) in the towns of Laputta and Bogalay. 
The project area is tidal and heavily influenced by brackishwater intrusion. Three salinity regimes 
were identified within the project area: freshwater, low salinity and high salinity. In the freshwater 
area, there is no brackishwater intrusion, although the influence of the tide reaches well into the 
regime. Freshwater-emergent vegetation and nipa inhabit the mid-to upper intertidal zone.
Sustainable forest management (SFM) becomes the key concern for our environment. As there has 
been a tremendous growth of technology, these have led to negative impacts on the environment. 
The most significant example is the erosion of ozone layer. Other impacts are that of El Niño 
and La Niña, which hit many parts of the world in recent years. With natural disasters as the 
consequences of deforestation, the Forest Principles should be environmental protection.
LAW, RULES, REGULATIONS AND POLICIES ON MANGROVES
Myanmar is occupying 167.18 million acres of land with forest that covers 85 million acres 
comprising tidal forests, swamp forests, evergreen forests, and dry zone forests.
The Government of the Union of Myanmar has promulgated a new Myanmar Forest Policy in 
1995, in line with Myanmar’s forest policies focusing on the protection of nature and sustainability 
of natural resources, on satisfying the basic needs of the people, and on the participation and 
awareness of the people in biodiversity conservation. The old Wildlife Protection Act of 1936 
was replaced with the “Protection of Wildlife, Wild Plants and Natural Area Law” in June 1994 
in order to rehabilitate threatened wildlife and sanctuaries.
The key fisheries legislation of the Union of Myanmar include:
•    The Freshwater Fisheries Law;
•    Law Relating to the Fishing Rights of Foreign Fishing Vessels;
•    Law Amending the Law Relating to the Fishing Rights of Foreign Fishing Vessels; 
•    Myanmar Marine Fisheries Law; and 
•    Law Amending the Myanmar Marine Fisheries Law.
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The Department of Fisheries (DOF) controls aquaculture development by identifying suitable 
areas and allowing farms only in identified zoned area. (e.g., the Chaungtha and Kyauktan 
Shrimp Culture Zones). The identified area should have a master development plan, i.e., the area 
is subdivided into farm lots. Construction of the access road is undertaken by the government 
as well as the main water supply system and discharge canals while electricity for the zoned 
farms are also provided by the government.
Policies on fisheries management
The  national fisheries policies on Socio-economic Development have the following 
objectives:
1.   To step up the productivity and production by the exploration of fishery resources within 
the Maximum Sustainable Yield (MSY);
2.   To develop and increase aquaculture technology and production;
3.   To increase fish production for self-sufficiency and export of the surplus;
4.   To develop quality assurance, standard, safety and wholesomeness of aquatic 
products;
5.   To promote fishery research and to protect fishery resources and the environment; and
6.   To upgrade the socio-economic status of fishing communities. 
RECOMMENDATIONS
The following recommendations are made to improve the coastal zone management in 
Myanmar:
1.   Conserve national resources
2.   Maintain and restore mangrove forests
3.   Eliminate deforestation by providing alternative wood substitutes for fuel, income-
generation activities based on resources
4.   Implement a sound program for the proper utilization of mangroves in the country, by 
solving some of the constraints through
      (1) Promoting awareness among the public on the importance of mangroves for the 
environment and the country’s economy
      (2) Promoting a clear understanding on the ecology of mangrove forests
5.   Adopt coastal zone management approach involving close cooperation between line 
agencies on the national and local levels
6.   Develop regulations for comprehensive management in coastal zone and marine resources 
exploitation
7.   Define clear responsibilities of agencies, departments to strengthen the institutions 
involved, to improve coordination and regulation
8.   Develop coastal and marine environmental monitoring and marine resource information 
system
9.   Encourage mangrove-friendly aquaculture practices in the ASEAN region
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INFORMATION ON LAND USE
A summary on policies on land use including mangroves in Myanmar, is shown below:
1.   Primary mangrove forest areas are dedicated for forestry purposes or as game sanctuaries 
or source of timber;
2.   Secondary mangrove forests with thick mangrove trees can be declared as potential 
forest areas;
3.   Other inter-tidal areas such as marsh lands and secondary mangrove areas with short 
mangrove trees or shrubs can be declared as fallow land to be utilized as paddy land or 
aquaculture area;
4.   Use of land for aquaculture should be permitted by local government;
5.   Commercial macro-farms for local and foreign investments are allowed by the 
Government according to the laws and regulations as prescribed by the Myanmar 
Investment Commission;
6.   The term of lease is usually 30 years and can be passed on through generations in 
accordance with the pre-agreed terms and conditions.
CONCLUSION
Aquaculture has only started to develop rapidly in the past few decades, due to better knowledge 
of culture species, improved methodologies and techniques in breeding, nutrition and increasing 
demand for food fish of high-value species such as shrimps, sea bass and groupers.
Mangrove deforestation has an impact on shrimp culture itself, the success of the latter (when 
traditional culture method is used) depends on stocking of wild fry. For semi-intensive and 
intensive shrimp culture, the number of wild caught spawners may decrease because wild shrimp 
populations also use mangrove swamps as its feeding ground.
Other negative effects of mangrove destruction to make way to shrimp ponds, include water 
pollution from pond effluents, sedimentation from the release of solid materials from pond, 
interruption of the tidal water flow, dwindling natural shrimp and fish stock due to increased 
pollution or product contamination due to indiscriminate use of chemicals.
Chemicals and drugs (antibiotic) should not be used in fish and shrimp culture for prevention 
and control of bacteria and viral diseases. In order to ensure the sustainable development of 
aquaculture, it is important to bear in mind the interdependence of technology and natural 
resource under various socioeconomic setting.
FOR THE REGIONAL GUIDELINES: INITIAL INPUTS
The following initial inputs were provided by the country representative for the preparation of 
the Regional Guidelines on the Responsible Use of Mangroves for Aquaculture:
1.   30-40% of total mangrove areas may be allowed for aquaculture purposes;
2.   Countries exceeding this limit may have to reduce their areas and conform with the 
provisions in the guidelines;
3.   Countries that have not yet reached the limit would be provided the necessary guidance 
in order that further development should be sustainable;
4.   100 m from the shoreline should be conserved or rehabilitated as green belt;
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5.   In order to mitigate the mangroves, environment-friendly aquaculture should be 
practiced;
6.   Environmental Impact Assessment (EIA) should be established in aquaculture to be 
assessed in a regional workshop organized every two years;
7.   Public awareness should be regularly conducted through on-site training;
8.   Socio-economic status of the rural people should be evaluated after which efforts should 
be made to improve standard of living by providing the rural people with appropriate 
technologies and related incentives;
9.   The land use policy of each country should be made clear to its people especially from 
the technology point of view;
10. The impact of effluents from shrimp farms on the environment should be reduced 
(e.g., coastal water quality, hydrology, aquatic organism, mangrove and terrestial 
vegetation);
11. The introduction of exotic species should be investigated;
12. The production cost of mangrove-friendly aquaculture should be made economical;
13. Encourage the integration of green water technique with seaweeds and bivalves as 
biofilters in a closed re-circulating shrimp pond system; and
14. Information on any technology developed should be published and disseminated to the 
region as fast as possible.
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OVERVIEW
Mangrove Areas
According to the National Forest Resource Inventory (NFRI), the estimated remaining area of 
mangrove forests in the Philippines in 1988 is 139,100 ha (DENR 1994). Of the total 139,100 
ha mangrove forests, 78,593 ha are found within the mangrove forest reservations. Presidential 
Proclamation (PP) 2151 declares approximately 4326 ha as mangrove wilderness areas, while 
PP 2152 declares an aggregate 74,268 ha as mangrove swamp forest reserves. 
Approximately 95% of these mangroves are secondary growth and only 5% are old growth 
mangroves. These old growth mangrove forests are mostly located in Palawan Island. Results 
of a survey revealed that Palawan covers 35% of the conservation area followed by Surigao del 
Norte, which covers 22% of the total mangrove forest reserve. Surigao del Norte covers more 
than 50% of mangrove wilderness areas followed by Bohol with 29%. However, recent survey 
showed that there are mangrove reservation areas converted and developed for aquaculture 
purposes. Portions of the mangrove swamp forest reserves are found in Palawan, Quezon, 
Camarines Norte, Leyte, Cebu, Bohol, Lanao del Norte, Misamis Occidental, Davao, Surigao 
del Norte, Surigao del Sur and Zamboanga del Sur. 
Role and Potential of Mangroves in the National Economy
Mangroves represent a valuable renewable commodity for coastal communities and are vital 
sources of forest products and aquatic resources. Direct economic values estimated in the 
Philippines for mangrove wood and fish products combined, ranged from US$150 to 1396/ha/
yr (White and Trinidad 1998).
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The lowest estimate was based on the study of the Pagbilao mangrove forest for which direct 
observation of occurring species for both fish and forest was made in a relatively degraded area 
(Melana and Courtney 2000).
Mangrove wood is mainly used as firewood or charcoal, where firewood is traditionally marketed 
as small billets, split longitudinally from roundwood of 10 cm diameter or less and 60 cm to 
100 cm in length. The national statistics relating to the removal of mangroves for firewood is 
incomplete but the estimate ranges from 1000 m3/yr in 1960 to 118,000 m3/yr in 1988 (ADB 
1990). Charcoal from mangrove species is utilized for domestic purposes, especially in rural 
areas. However, there is no record of large-scale charcoal production from mangroves in the 
Philippines. Mangrove poles are extensively used for the construction of houses, particularly 
in coastal areas. Others are used to build fish corrals and fences.
Extractives derived from mangrove barks include tannin and dyes. There has been a local industry 
for extracting tannins from mangrove bark. National returns for tanbarks harvested averaged 337 
mt/yr over the period 1969-87 (NRMC-NMC 1986). Tannin is also used as adhesive material 
necessary in laying and gluing-up stages of plywood/particle board manufacture. According to 
reports, tannin also serves as an important constituent of ink, rust preventives and insecticides. 
Other minor products derived from mangroves are cellulose xanthate, oil, medicine, resin, tea 
and livestock supplements. Nipa palm sap are extracted and fermented for vinegar, local wine 
and alcohol. Nipa shingles are used as roofing materials.
Several important aquatic resources such as fishery products like fishes, shells (clams and 
mollusks), crabs, shrimps, and other crustaceans thrive in mangrove ecosystem (DENR 1994). 
Fry and fingerlings of different species also thrive in estuarine areas.
Role of Mangroves as Fishery Resource
Studies on fishes indicated that there are at least 68 families that are represented in the mangroves 
of the Philippines with the family Mugilidae being the most abundant followed by Carangidae 
(NRMC-NMC 1986). Fifty-four (54) species of crustaceans have been reported to occur in 
mangrove areas throughout the Philippines. They are dominated by species of the following 
families: Penaeidae, Ocypodidae, Grapsidae and Portunidae. In addition, at least 63 species 
of mollusks are known to occur in Philippine mangrove areas.
The dependence of fisheries, both inshore and offshore, on mangroves as natural habitats has 
become widely accepted. Mangrove ecosystems provide detritus and nutrients that form the 
food base of complex marine organisms, which in turn support valuable estuarine and near 
shore fisheries. The decomposing leaf litter is utilized by many aquatic organisms thriving in 
mangrove and nearshore ecosystems, such as, in the seagrass beds and coral reefs. Mangrove 
swamps serve as feeding, nursery and breeding grounds for commercially valuable fish species. 
They are also rich sources of fish fry, which contribute a great deal to the country’s fry gathering 
industry. Melana and Courtney (2000) reported that parallel with the decline in the mangrove 
areas of the Philippines is the significant reduction of fishery resources. The loss of mangrove 
forests in the Philippines is also correlated with decreasing fisheries production in municipal 
waters and the depletion of larval and juvenile stages of shrimps and milkfish which are seed 
sources for pond aquaculture (Camacho and Malig 1988 as cited in ADB 1990).
PROTECTION AND DEVELOPMENT OF MANGROVE AREAS
Historical Data
In 1918, Brown and Fischer estimated the mangrove forests of the Philippines to be as much as 
400,000-500,000 ha. However, the mangrove areas were indiscriminately alienated for other 
uses as a result of industrial development and urbanization.
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The Philippine mangrove forests have significantly dwindled at an average of 4572 ha annually. 
The depletion of Philippine mangrove forests was observed lowest in 1920–1950 at 2499 ha 
annually and highest from 1950–1972 at 6685 ha annually. The latter period coincided with the 
large-scale conversion of mangrove areas into fishponds (DENR 1994). 
Reasons for the Decreasing (or Non-Decreasing) Mangrove Areas
Mangrove ecosystems are vulnerable both to natural and man-made disturbances. The most 
obvious impact of human activity can be seen in the rapid reduction of mangrove swamps. This 
can be attributed to the following: (1) clear-cutting of vegetation for forest products, conversion 
into fishponds, saltbeds, industrial sites and human settlements; and (2) death of vegetation 
resulting from waste disposal, soil erosion and siltation. The conversion of mangrove swamp 
into brackishwater fishpond is a principal factor behind the loss of mangrove forests (Zamora 
1990 as cited in DENR 1994).
The existing brackishwater fishpond is estimated at 239,323 ha (BFAR 2000). The continuous 
illegal conversion of mangrove areas for aquaculture purposes, also include those areas within 
the mangrove forest reserves (DENR 1994). Since the effectivity of Presidential Proclamations 
(PPs) 2151 and 2152 in 1981, there had been approximately 9532 ha of mangroves illegally 
converted into fishponds.
Erosion also affects the reduction of mangrove ecosystem. Most of the upland ecosystems in 
the Philippines have already been subjected to several utilization and developmental activities. 
These activities, among others, are logging, agricultural plantation establishment, mining and 
infrastructure build-up. Alteration of the surface and sub-surface soil structures resulted in 
irregular surface run-offs and severe siltation in rivermouths and estuaries where most of the 
mangroves are established.
Nature has also brought stresses on mangrove ecosystems. According to reports, mangroves in 
the estuarine areas and in riverbanks have often become hosts to clams and barnacles. Spats of 
these species attach themselves to roots and lower portion of tree trunks and complete their life 
cycle in these trees. The resulting shells when developed, usually are embedded partially into 
the banks and trunk of trees, which result in the obstruction of nutrient flows within the tree, 
hampering plant growth and resulting in death, in the case of severe infestation.
LAWS, RULES, REGULATIONS AND POLICIES ON MANGROVES
Historical Overview
The history of Philippine policy initiatives and legislation related to the use of coastal resources 
started with the enactment of the first Fisheries Act (Commonwealth Act No. 4003) in 1932. 
Coastal areas and resources in the Philippines were once managed under the assumption that 
there was limited demand for what were considered unlimited economically valuable fish and 
other items (DENR, DA-BFAR and DILG 2001). In 1952, the Bureau of Forest Development 
(BFD) Circular No. 95 was created to zonify swamplands for various uses. Legalization on the 
definition and regulation of Fishpond Lease Agreement (FLA) started in Fisheries Administrative 
Order No. 60 of 1960.
The 1960s to mid-1970s marked the period of rapid expansion and development in fisheries 
and aquaculture. Presidential Decree (PD) No. 43 of 1972 directed and facilitated the orderly, 
systematic and expeditious transfer of jurisdiction of public land available for fishpond 
development to the Bureau of Fisheries and Aquatic Resources (BFAR).
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PD 704, known as the Fisheries Decree of 1975, was signed into law forming the basis of the 
integrated law system on Philippine fisheries sector. Sections 23-25 defined the disposition of 
public lands for fishponds. In the same year PD 705 or the Revised Forestry Code was also 
enacted. It spelled out the kinds of public lands suitable for fishpond purposes that are to be 
released to and placed under the administrative jurisdiction and management of BFAR. It also 
declared that a 20 m wide mangrove strip along shorelines facing oceans, rivers, bays etc. is to 
be retained for coastal protection.
The period between 1970s-1980s covered a decade of unrestrained development in coastal 
resources, which resulted in a build-up of environmental issues. In 1976, the Ministry of 
Natural Resources (MNR) issued Special Order (SO) No. 309, creating the Philippine National 
Mangrove Committee to formulate a comprehensive national mangrove plan and review fishpond 
and timber license applications. SO 178 issued in 1980 reorganized both the membership & 
functions of the committee to align them with the new research emphasis on the ecological 
importance of mangroves to Philippine coastal environment, including the scientific methods 
in the rehabilitation of denuded mangrove areas. In 1981, PP 2151 was issued declaring specific 
areas in the country totaling 4326.50 ha as wilderness areas in which any form of exploitation 
was henceforth banned, while PP 2152 proclaimed the entire province of Palawan and other 
selected mangrove areas totaling 74,267.9 ha as mangrove forest reserves.
In 1982, PP 2146 was approved prohibiting mangrove cutting throughout the country. At the same 
year, the Ministry of Natural Resources (MNR) issued Administrative Order (AO) No. 3 revising 
the guidelines in the classification and zonification of forestlands. Other mangrove-related DENR 
Administrative Orders have been issued since 1986, introducing measures designed to prevent 
further destruction of the mangrove resource especially through fishpond development. MNR 
issued AO 42 declaring the expansion of mangrove forest belt in storm surge, typhoon prone 
areas to 50-100 m along shorelines and 20-50 m along riverbanks. DENR Memorandum Circular 
(MC) No. 15 of 1989 was issued prioritizing the implementation of mangrove reforestation. 
DENR issued AO 76 in 1987 establishing buffer zones: 50 m fronting seas and oceans and 20 
m along riverbanks. It also required FLA holders to plant 50 m mangrove strip along buffer 
zone areas. At about the same year, interest in coastal resource management has gained impetus. 
Various foreign-assisted projects were drafted and commissioned such as the Fisheries Sector 
Program (FSP) and Central Visayas Regional Project (CVRP).
In 1990, DENR AO 15 introduced the revised regulation governing the utilization, development 
and management of mangrove resources. It provided for the issuance of Certificate of Stewardship 
Contract (CSC) for the management of mangrove areas, to individuals, communities, associations 
or cooperatives, except in wilderness areas, provided that the activities are sustainable. DENR 
MC No. 5 of 1990 provided guidelines on the cutting of mangrove trees within approved FLA 
area.
In 1991, RA 7160 (the Local Government Code) was passed devolving primary mandate for 
managing municipal waters to Local Government Units (LGUs) which include the communal 
forests less than 500 ha, implementing community forestry projects, and enforcement of 
community-based laws. The same year, RA 7161 was passed banning the cutting of all mangrove 
species. DENR AO 9 was issued defining the policies and guidelines for Mangrove Stewardship 
Agreement, while DENR AO 34 was issued defining the guidelines for Environmental Clearance 
Certificate (Applicable to fishponds). In 1994, DENR AO 30 created the non-government assisted 
community-based mangrove forest management (CBFM) and it was institutionalized at the 
DENR in 1995.
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Republic Act 8550 known as the Philippine Fisheries Code of 1998 was passed establishing 
coastal resource management as the approach for managing coastal and marine resources. In the 
same year, DENR-AO #98-17 defined the major cause of mangrove deforestation as conversion 
into fishpond. Henceforth, it prohibits the further zonification and release of already zonified 
mangrove forest for fishpond development.
In 1999, the Philippines became a signatory to the implementation of the Rome Declaration on 
the Code of Conduct for Responsible Fisheries. And in 2000, the DENR and DA signed a joint 
Memorandum Order on the implementation of the Fisheries Code (RA 8550).
Existing Legal Framework 
Fishery Laws with relevance to mangroves
The Philippine fishery laws and legislation with relevance to mangroves listed by JOFCA/
NAMRIA (1999), Primavera (2000), and DENR et al (2001), are summarized as follows:
•    RA 8435 - The Agriculture and Fisheries Modernization Act (AFMA) of 1997 provides 
for the maximization of agricultural and fisheries productivity and acceleration of 
modernization of said sectors. Aside from providing various incentives and many 
programs for developing agricultural production, the AFMA has implications on the 
management of coastal resources such as mangroves as it deals with fishery production. 
The AFMA prioritizes industrialization as its main objective for agriculture and fisheries 
sector, and is focused on turning these sectors from resource-based to technology-based 
industries. This is to be achieved through the formulation of Agriculture and Fisheries 
Modernization Projects that focuses on food security, poverty alleviation and social 
equity, income enhancement and profitability, global competitiveness, and sustainability 
as its primary goals.
•    RA 8550 – The Philippine Fisheries Code of 1998 defines coastal zones as areas within 
the landmark limit of one (1) km from the shoreline at high tide to include mangrove 
swamps, brackishwater ponds, nipa swamps, estuarine rivers, sandy beaches, and other 
areas within a seaward limit of 200 m isobath to include coral reefs, algae flats, sea 
grass beds and other soft-bottom areas. Chapter II, article 3 of the code states that public 
lands and pond suitable for fishery operations shall not be disposed or alienated. It also 
provides guidelines on the issuance/renewal of FLAs and reversion of all abandoned, 
undeveloped or underutilized fishponds into mangroves.
•    RA 6657 - Exemption of fishpond areas from the Comprehensive Agrarian Reform Law 
for 10 years.
•    RA 7160 – The local government code of 1991, Section 17, states that the municipalities 
should enforce fishery laws in municipal waters including the conservation of mangrove 
forests.
•    RA 7881 - Extension of fishpond exemption from agrarian reform.
•    FAO 125 - Prescribes the rules and regulations governing the granting of 25-year 
FLAs.
•    FAO 197 - Prescribes the rules and regulations governing the lease of public lands for 
fishpond development.
•    FAO 214 - States the Code of Practice for Aquaculture outlining the general principles 
and guidelines for environmentally-sound design and operation for the sustainable 
development of the industry.
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•    BFAR AO 125-2 - Increases fishpond lease from US$2 to US$40 per hectare per year 
effective 1994.
•    Joint DA-DENR General Memorandum Order No.3, series of 1991 - Defines the 
guidelines for cancellation and reversion of FLAs into mangrove forest lands under the 
administration of DENR.
•    Joint DA-DENR Memorandum Order No. 1, series of 2000 - Defines the areas of 
cooperation and collaboration between the Department of Agriculture and the Department 
of Environment and Natural Resources in the implementation of RA 8550.
Environmental Laws with relevance to mangroves
The Philippine environmental laws and legislation with relevance to mangroves are summarized 
as follows:
•    PD 705 - The Forestry Act of 1975.
      Section 16 - States that areas needed for forest purposes include strips of mangroves  
      or swamplands at least 20m wide, along shorelines facing oceans, lakes, and   
other bodies of water; all mangrove swamps set aside for coastal protection shall   
not be subject to clear-cutting operation; mangrove swamps released to BFAR   
for fishpond purposes which are not utilized, or which have been abandoned for   
5    years shall revert to the category of forest land.
      Section 33 - Identifies riverbanks, easements, deltas, swamps, former river beds,   
and beaches as reforestable areas and covered with suitable and sufficient trees.
      Section 43 - States that mangrove forests which protect the shoreline, the shoreline  
      roads, and even coastal communities from the destructive force of the sea during  
      high winds and typhoons shall be maintained and not alienated; such strips must  
      be kept from artificial obstructions.
•    RA 7161 - Incorporating certain sections of the Internal Revenue Code to PD 705, among 
others, bans the cutting of all species of mangroves.
•    PD 1151 – The Philippine Environmental Policy. Creation, development, maintenance, 
and improvement of conditions under which man and nature can thrive in productive 
and enjoyable harmony with each other; to fulfill the social, economic, and other 
requirements of present and future generations of Filipinos and to ensure the attainment 
of an environmental quality that is conducive to a life of dignity and well-being.
•    PD 1152 – The Philippine Environment Code. Defines the mandates and policies for the 
management and conservation of natural resources.
•    PD 1586 - Environmental Impact Statement (EIS) System. Requires that all agencies 
and instrumentalities of the national government, including Government Owned and 
Controlled Corporations (GOCCs), private corporations, firms and entities with projects 
or proposed projects that may significantly affect environmental quality must comply 
with an EIS System.
•    PD 2151 - Declares certain islands and/or parts of the country as wilderness areas.
•    PD 2152 - Declares the entire province of Palawan and certain parcels of the public 
domain and/or parts of the country as mangrove swamp forest reserves.
•    EO 117 - Establishes the Inter-agency Task Force for Coastal Environment Protection.
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•    EO 192 - The Reorganization Act of the DENR. Redefines the mandate of DENR to 
include conservation, management and proper use of the country’s environment and 
natural resources, as well as the licensing and regulation of all natural resources.
•    EO 263 - Adopts Community-based Forest Management (CBFM) as the national strategy 
to ensure the sustainable development of the country’s forestland resources and provides 
mechanisms for its implementation.
•    DAO 76, s1987 - Establishes buffer zone in coastal and estuarine mangrove areas.
•    DAO 07, s1989 - Suspends the application and issuance of mine prospecting permits in 
government reservations, including mangrove reserves.
•    DAO 15, s1990 - Prescribes the regulations governing the utilization, development, and 
management of mangroves.
•    DAO 03, s1991 - States the policy and guidelines for the award and administration of 
mangrove stewardship agreement.
•    DAO 04, s1991 - Prescribes the revised regulations governing the Integrated Social 
Forestry Program.
•    DAO 09, s1991 - Defines the policies and guidelines for Mangrove Stewardship 
Agreement.
•    DAO 18, s1991 - Prescribes the rules and guidelines governing the distribution of 
canceled or expired FLAs; identifies responsibilities of DA-BFAR and DAR with 
respect to canceled or abandoned FLAs.
•    DAO 34, s1991 - Prescribes the guidelines for the issuance of Environmental Compliance 
Certificate (ECC) or Environmental Clearance (EC) for fishpond development.
•    DAO 21, s1992 - Prescribes the implementing guidelines for EIS.
•    DAO 16, s1993 - Prescribes the guidelines for the establishment and management of 
buffer zones for protected areas.
•    DAO 30, s1994 - Prescribes the implementing guidelines for NGO-assisted Community-
based Mangrove Forest Management (CBMFM) for DENR.
•    DENR MO 98-17, s1998 – Defines the major cause of mangrove deforestation as the 
conversion into fishpond, prohibits the further zonification of mangrove forest for 
fishpond development and the release of already zonified mangrove forests for fishpond 
purpose.
•    DENR Memo Circ. #15, s1989 – Prioritizes the implementation of mangrove reforestation 
for the rehabilitation and development of mangrove forests.
•    DENR Memo Circ. #05, s1990 - Prescribes the guidelines for cutting of mangrove 
trees within approved FLA areas. Among others, it provides that buffer zones are to 
be maintained and developed; cut trees are to be turned over to DENR for disposition 
through public bidding; and an area equivalent to the size where mangroves are clear 
cut shall be planted with mangrove species by the FLA owner.
•    DENR Memo Circ. #7, s1991 - States the conditions governing the issuance of 
mangrove cutting permits within approved FLA areas and the survey of areas for FLA 
applicants.
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•    Letter of Instruction No. 917 - Declares that mangrove forests essentially needed for 
foreshore protection, the maintenance of estuarine and marine life, including special 
forest which are the exclusive habitats of rare and endangered Philippine flora and fauna, 
are wilderness areas.
•    MNR AO 42, s1986 - Declares the expansion of mangrove forest belt in storm surge, 
typhoon prone areas to 50-100 m along shorelines and 20-50 m along riverbanks.
Policy options with relevance to mangroves & coastal areas
At present, there are numerous government policy options being implemented relating to 
conservation, protection, rehabilitation, sustainable utilization and management of mangroves 
and coastal areas. These policy options are mostly translation and implementing guidelines 
of existing laws, rules, regulations and policies already enumerated above. Under the present 
government, policy options are geared towards the attainment of its national priority thrust of 
increasing food production, increasing income and livelihood generation through wise utilization 
and management of its natural resources within sustainable limits. Some of the more important 
policy options being undertaken during the last decade are the institutionalization of the Coastal 
Resource Management Programme (CRMP) both by government and non-government sectors, 
the establishment of Fisheries and Aquatic Resources management Councils (FARMCs) in the 
national level and every coastal municipalities throughout the country to assist in the formulation 
of policies and enforcement of laws relating to protection and sustainable utilization of fisheries 
and aquatic resources, the strengthening of linkages between national & local governments 
(by providing them technical financial, equipment supports and training) on the enforcement 
of laws and management of fisheries and aquatic resources under municipal jurisdiction as 
mandated by the Local Government Code of 1991, promotion of sustainable and environment-
friendly technologies and the promotion and intensified information dissemination campaign 
on the code of conduct for responsible fisheries. Moreover, abandoned and underdeveloped 
brackishwater fishponds, privately-owned or covered by fishpond lease agreements (FLAs), 
are now being encouraged by the government for reversion into mangroves or converted into 
mangrove aquaculture livelihood projects for the fisherfolk.
GENERAL POLICY RECOMMENDATIONS (USE OF MANGROVES FOR 
AQUACULTURE)
The major concerns of the present government are food sufficiency and security, livelihood 
generation and increase income of fisherfolk. Therefore, the fisheries sector plan and priorities 
are designed to ensure a long-term sustainability of the fisheries resource-base including mangrove 
areas. For calendar year 2003, the fisheries sector is being challenged to increase production 
by 10% from a total fish production of 3.3 M metric tons in year 2002. As part of the whole 
management strategy to attain this objective, the Bureau of Fisheries and Aquatic Resources 
(BFAR) is promoting for the conversion of coastal wastelands, particularly the abandoned and 
under-developed brackishwater fishponds, into productive areas utilizing environment-friendly 
mangrove aquaculture technologies. In support to this policy objective, BFAR has established a 
4-ha mangrove aquaculture pilot demonstration project at its National Brackishwater Aquaculture 
Technology Research Center at Pagbilao, Quezon.
Furthermore, mangrove-friendly aquaculture projects have been launched by BFAR in some 
strategic locations of the country to provide additional livelihood to fisherfolk associations. At 
present, mangrove-friendly aquaculture technology is disseminated through training and seminars 
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MITIGATION PLAN ON THE USE OF MANGROVES
FOR AQUACULTURE: THAILAND
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ABSTRACT
Mangrove forest is one of the important coastal natural resources of Thailand, however, mangrove 
forests have deteriorated very rapidly at a rate of more than 50% of the mangrove loss during 
1961–1996. The utilization and destruction of mangrove forest has been seriously discussed in 
many fora. Shrimp farming is one activity, which has disturbed the mangrove forests. According 
to the inventory and analysis of LANDSAT5 TM satellite imagery data of 1993, only 17.49% of 
shrimp farms are located in mangrove forests and only 7.36% in the productive area. In addition 
10.10% of shrimp farms are in unproductive or upland area, which have been leased legally by 
the farmers. Therefore, the Royal Thai Government has been working closely with the local 
communities and NGOs to implement a mangrove reforestation program targeting a replanting 
of 24,394.64 ha. As a result, the mangrove area has increased to 252,750.88 ha in 2001.
INTRODUCTION
Thailand has 2614 km of coastline: the west coast borders the Andaman Sea while the east faces 
the Gulf of Thailand (South China Sea). Almost one-third of its 76 provinces border is next to 
the sea. The Office of Environmental Policy and Planning of Thailand (OEPP, 1992) reported 
that about 70% of population lives within a few kilometers landward from the coastline. Coastal 
areas are richly endowed with natural resources such as fertile soil, minerals, beautiful scenery, 
mangroves and wood forests.
The growth of GAP in Thailand was 10% or higher from 1988 through 1990, making it one of 
the fastest growing economies in the world (OEPP, 1992). As sizable contributing sector to this 
growth, the tourism and aquaculture industries have shown the fastest expansion. During periods 
of rapid growth, there are often conflicts between parties competing for coastal natural resources, 
such as the mangrove destruction for human settlement, industries, and aquaculture activities. 
The Royal Thai Government has several mitigation measure plans for coastal area management, 
especially for improving mangrove reforestation and relocation of the present aquaculture areas 
for the purpose of minimizing the environmental impacts.
ECOLOGICAL BENEFIT
Mangroves are communities of salt-tolerant plant species, and generally found at the boundaries 
between land and sea in tropical and sub-tropical areas. Aksornkoae (1993) reported that 
mangrove species dominate certain zones from the edge of the estuary to the inland sites. These 
zones are clearly demarcated. This is a unique characteristic of mangrove vegetation, and one, 
which distinguishes it from inland forests. Watts (1928), cited by Aksornkoae (1993) classified 
the distribution of mangrove plants in the western area of Thailand into five classes, whereby, 
class 1 is the area inundated by high tide, and class 5 the areas of tidal zone. The ecological 
benefit of mangrove for coastal ecosystem would be the mangroves in the normal high tides. 
They are important because of a wide range of functions and uses, which include the following 
(MIDAS, 1995):
160  161
•    For the production of a wide range of forest and non-forest products;
•    As a source of dissolved and suspended nutrients which are exported to adjacent 
areas;
•    As nursery and shelter areas for juvenile fishes and crustacean species;
•    As a source of fry for fish and crustacean culture;
•    For protection of the shoreline from erosion by waves, currents and storms;
•    As a windbreaker to crops and structures behind the mangrove forest; and
•    As areas of accretion of the land through settlement of sediment in the sheltered waters 
inside mangrove forests.
It has been calculated (Dioxin, 1989 cited by MIDAS, 1995) that the annual value of mangrove 
in Thailand can reach over $ 1000/ha/yr, including fishery and forestry benefits.
MANGROVE DETERIORATION AND DESTRUCTION
The mangrove forest in Thailand has been cleared for a number of uses such as the following:
•    For construction of aquaculture ponds;
•    In the creation of agriculture land;
•    For construction of salt ponds;
•    For mining;
•    As settlement and industry, and port development;
•    For charcoal production; and
•    For solid waste disposal.
The Royal Forestry Department (1995) and Charuppat and Charuppant (1997) reported that the 
destruction of mangrove area in Thailand occurred during 1961 – 1966  (Table 1) was about 
55.39 (204,865.60 ha). The average rate of mangrove destruction during 1961-1996 was 6225.6 
ha/year. The mangrove area increased in 2001 at 252,750.88 ha (Marine and Coastal Resources 
Department 2003).
Table 1. Destruction of mangrove area between 1961 - 19931
Unit: ha
         Year Rate                     Mangrove               Destroyed                           Average Destruction 
                                                  Area                        Area                    %                 (ha/year) 
         Before 1961                372,448.00                      -                         -                          - 
         1961                            367,900.00               4,548.00               1.23                       - 
         1975                            312,700.00              55,200.00             14.81               3,942.86 
         1979                            287,308.00              25,392.00              6.82                6,348.00 
         1983                            196,435.84              90,872.16             24.38              22,718.04 
         1989                            180,559.04              15,876.80              4.27                2,646.13 
         1991                            173,820.26               6,738.08               1.82                3,369.04 
         1993                            168,682.56               5,138.40               1.39                2,569.20 
         1996                            167,582.40               1,100.16               0.67                  366.72 
         20012                                               252,750.88                      -                         -                          - 
         Total/average                                              204,865.60             55.9                5,853.30 
Source :     1. Royal Forestry Department (1995)
                  2. Marine and Coastal Resources Department (2003)
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MITIGATION PLAN AND UTILIZATION
The Cabinet Resolution
A number of approaches have been proposed in order to prevent further mangrove forest 
destruction. In late 1987, a Cabinet Decision introduced three zones for mangrove forests based 
on surveyed data in 1961 shown in the order of their allocating uses in Table 2.
Table 2. Definition and uses of mangrove zones (MIDAS, 1995)
Conservation Zone:           226,373 rai (  42,678 ha)              =     1.46%
Economic A Zone:         1,248,056 rai (199,689 ha)              =     53.61%
Economic B Zone:               813,600 rai (813,006)                =     34,93%
The utilization of the mangrove areas in Thailand was analyzed in 1993 by a Joint Working 
Committee comprising the Royal Forestry Department (RFD), Department of Fisheries (DOF), 
Land Development Department (LDD), Office of Environment Policy and Planning (OEPP), 
and National Research Council of Thailand (NRCT). The results are briefly shown in Table 3 
and Table 4.
Remaining mangrove                           168,682.56 ha (45.28%)
Destruction due to:                             203,765.44 ha (54.76%)
      Shrimp farms                               64,991.76 ha (17.46%)
      Settlement and others                  138,773.68 ha (37.30%)
Table 3. Utilization of mangrove area in 1993
                                             Conservation Zone    Economic A Zone        Economic B                  Total
                                                                                                                                Zone                             
Remaining mangrove                    23,205.52                   130,577.12                    14,880.00           168,682.56 
Shrimp farm                                    4,471.76                     22,939.68                    37,580.20             64,991.76 
Settlement                                          271.92                          560.76                      4,128.44               4,961.12 
Other uses                                     14,728.80                     45,591.32                    73,492.36           133,812.56 
Total                                              42,678.00                   199,688.80                  130,081.00           372,448.00 
Source:      Joint Working Committee of Royal Forestry Department, Department of Fisheries, Land Development Department, office of 
Environmental Policy and Planning and National Research Council of Thailand (Charuppat and Ongsomwang, 1995)
Unit: ha
Conservation Zone
Strongly protected from any impact 
for its natural environmental values
1.   Economic flora and fauna 
preservation, fishery and salt 
production
2.   Economic flora reproduction and 
fauna breeding
3.   Area for accretion and deposition: 
beaches and sand bars, mud flats 
island, caves & coral reefs 
4.   Historical and archaeological 
purposes A
5.   Local symbol 
6.   National park, wildlife 
sanctuary
7.   Environmental and ecosystem 
preservation
8.   Area within 20 m of natural 
riversides and 75 m of coasts
Economic A Zone
To be used for forest 
utilization on sustainable 
yield basis
1.   Forest concession 
area
2.   Public forest and 
non-concession area 
for local uses




To be used for other 
developments with 
consideration given to the 
impacts on the environment
1.   Agriculture uses: 
agriculture animal 
farming
2. Industrial uses: mining 
industrial plant 
urban and residential 
commercial area and 
seaboard area - other
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Table 4. Utilization of mangrove area in 1993 (by region of country)
Unit: ha
                         Shrimp Farm      Community             Other              Remaining          Total Area 
                              Area        %        Area        %        Area        %        Area       %        Area        % 
 Eastern                       25,983.84      6.97        2,485.72       0.67       13,327.76      3.38       13,047.68      3.61         54,846        14.73 
 Central                         14,157         3.80        1,749.08       0.47       45,712.88     12.26       5,363.04       1.45         66,982        17.98 
 Southern                      20,902         5.61         571.64         0.15       18,550.72      4.98       16,424.64      4.42         56,449        15.16 
 (Gulf of Thailand)                                                                                                                                                                                
 Southern                     3,948.92       1.08         154.68         0.06       66,221.12     15.09     133,847.20    35.90       194,172       52.13 
 (Andaman Sea)                                                                                                                                                                                     
 Total                           64,991.76     17.46       4,961.12       1.35      133,812.76    35.81     168,882.56    45.28       372,448         100 
Source: Joint Working Committee of Royal Forestry Department; Department of Fisheries, Land Development Department, Office of 
Environmental Policy And Planning and National Research Council of Thailand. (Charuppat and Ongsomwang, 1995).
         
Charuppat and Charuppat (1996) reported the remaining mangrove area in the country in 1996 
using Sattlelite map Landsat-5 TM Geoclded (1: 50,000). The results are as follows:
Remaining mangrove area:                                                               167,582.40 ha (44.99%)
Shrimp farming in mangrove area                                                      66,997.88 ha (17.98%)
Human settlement:                                                                                 8,800.40 ha (2.36%)
Others:                                                                                               129,067.32 ha (34.65%)
After the Cabinet resolution on mangrove zonation in December 1987, the Cabinet has also issued 
some more mangrove resolutions disallowing the lease of mangrove areas by both government 
agencies and the private sector. However, the most important one was on 19 November 1996 
when the cancellation of mangrove concessions all over the country was approved. This means 
that there will be no more Economic A Zone under the mangrove zonation policy in December 
1987.
Shrimp Farms in Mangrove Area
Mangrove forests in Thailand always contain very high content of acid sulfate soil with very low 
pH when exposed to the air. The low pH in bottom soil is directly toxic to the cultured shrimps. 
Mud is very soft which make the cost of pond construction and maintenance high during culture 
period. Therefore, it was recommended that farmers should not construct their shrimp ponds in 
mangrove forests (Tookwinas, 1993).
In Table 3, shrimp farms in mangrove areas (17.46%) were divided into 4471.76 ha of 
conservation zone (1.20%), 22,939.68 ha of economic A zone (6.16%) and 37,580.20 ha of 
economic B zone (10.10%) and were leased to the farmers. Therefore, only shrimp farm areas in 
mangrove conservation zone (4471.76 ha; 1.20%) and economic A zone (22,939.668 ha; 6.16%) 
(total of 27,441.44 ha; 7.36%) were illegally constructed. The government has also proposed 
mitigation measures to transfer these shrimp farm areas in order to promote reforestation.
Mangrove destruction from 1975 to 2001 vs. the shrimp farming area and production (Table 5) 
showed that mangrove area sharply decreased during 1979-1989. The highest destruction rate 
was in 1986 (Table 2), which was 12,951.76 ha/year. The intensive marine shrimp farming areas 
increased from 1989 to 1991 (Table 5). This means that most mangrove areas were destroyed 
before the boom or expansion of shrimp farm areas. The shrimp farm areas have increased only 
since 1998.
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Table 5. Marine Shrimp Farming: Number of Farm, Area and Production 1985 – 1995
            Year             Number of Farms           Area (ha)                Yield (mt)
            1985                        4,939                        40,769                     15,841 
            1986                        5,524                        45,368                     17,886 
            1987                        5,899                        44,770                     23,566 
            1988                       10,246                       54,778                     55,633 
            1989                       12,545                       71,165                     93,494 
            1990                       15,072                       64,606                    118,227 
            1991                       18,998                       75,332                    162,070 
            1992                       19,303                       72,796                    184,884 
            1993                       20,027                       71,887                    225,514 
            1994                       22,198                       73,246                    263,446 
            1995                       26,145                       75,495                    259,541 
            1996                       23,413                       72,663                    239,508 
            1997                       23,723                       73,200                    227,560 
            1998                       25,977                       76,019                    252,730 
            1999                       28,012                       73,120                    275,544 
            2000                       31,513                       68,365                    300,000 
            2001                           -                                 -                         280,000 
Source: Fisheries Statistics (2002)
MANGROVE REFORESTATION POLICY AND ACTION PLAN
National Plan
The National Mangrove Rehabilitation Project has been funded by the Royal Thai Government 
for many years. Seedlings are raised in large nurseries run by government staff using seeds 
bought from villagers. Coastal communities are directly involved in growing the seedlings and 
the communities have been involved in raising the seedlings and in extending the program. 
Local people could now initiate and run their own rehabilitation project. The project has set a 
target of planning 50,000 rai (8000 ha) per year since 1906. The total mangrove rehabilitation 
is around 24,394.64 ha during 1906-2001 (Table 6).
      Table 6. Progress of Mangrove Replanting Record from 1906
Unit: ha
            Province                           1906 - 1990             1991 - 1996          1997 - 2001                  Total       
          Pattani                                         758.4                          32.0                      57.6                  848.0 
          Trang                                               9.6                     1,512.0                    304.0               1,825.6 
          Satun                                                   -                     1,293.6                    400.0               1,693.6 
          Nakhorn Si Thammarat         3,087.04                     1,686.4                      96.0             4,869.44 
          Phangnga                                            -                     1,726.4                    520.0               2,246.4 
          Krabi                                        1,324.8                        533.6                    544.0               2,402.4 
          Phuket                                                 -                        235.2                      32.0                  267.2 
          Suratthani                                            -                        926.8                    478.4               1,405.2 
          Chumphon                                          -                        732.8                    438.4               1,171.2 
          Ranong                                                -                     1,269.6                 1,331.2               2,600.8 
          Phetchburi                                           -                        656.0                      80.0                  736.0 
          Prachuap Khirikhan                         —                        256.0                            -                  256.0 
          Rayong                                                -                        896.0                      48.0                  944.0 
          Chanthaburi                                840.4                        416.0                    864.0               2,120.8 
          Trat                                                      -                        848.0                    160.0               1,008.0 
          Total                                      6,020.64                   13,020.4                 5,353.6             2,439.64 
Source: Marine and Coastal Resources Department (2003)
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A number of mangrove rehabilitation projects have been undertaken by NGOs and the local 
communities (MIDAS, 1995). One project in Klong Khone Sub-district, Samut Songkhram 
Province, was originally an idea of the provincial government and in the first two years planting 
was done by volunteer labor from the local community of the province and NGOs from Bangkok. 
In two years, around 500 rai (80 ha) were planted per year in a comparatively short time. In the 
first year the mangrove used was exclusively Rhizophora but there was nearly 100% mortality 
due to barnacle spat settling on the seedlings that later broke under the weight of the developing 
barnacles, and the seedlings being eaten by crabs. In the second year, the species used were 
Rhizophora and Avicennia in the 1:1 ratio. On the third year (1994), around 1000 rai (160 ha) 
were planted, but this time the species was all Avicennia and seedlings were grown and planted 
by local people who were paid for this purpose. In 1995, the local people from a neighboring 
sub-district agreed to join the planting program.
Another mangrove rehabilitation project was at Khao Sam Roi Yod National Park, where the 
seedlings were grown by the staff of the Park in its mangrove seedling nursery for Rhizophora 
sp. and Ceriops sp. Seed stocks are collected locally, and community groups, particularly school 
groups visiting the park are encouraged to plant mangrove, thus, several hectares have been 
planted over the past two years.
Reforestation Program under the Royal Project
Some mangrove reforestation projects have been done under the Royal Project. The mangrove 
replanting at Kung Krabaen Bay has been imlemented under The Kung Krabaen Bay Royal 
Development Study Center since 1987. Around 264 ha of productive mangrove area has been 
declared reserved and approximately 166.4 ha were replanted. Another mangrove reforestation 
project was also done under the Royal Princess Sirinthorn Project since 1995 in Petchburi about 
160 km south of Bangkok. The area of around 17 ha was reforested. Many scientists have carried 
out research programs under this Royal Reforestation Project.
Research on Mangrove Replanting in Abandoned Shrimp Farms
Some research activities have also been conducted to rehabilitate abandoned shrimp farms in 
mangrove areas. Macintosh (1996) mentioned the result of experiment in Ranong Province, 
southern Thailand under the joint research Project of Stirling University U.K., Aarhus University, 
Denmark and the Royal Forestry Department. Results indicated that mangrove trees could be 
planted successfully in shrimp waste sediments. The growth of young mangroves in shrimp 
waste sediments was four times faster than the growth in the natural habitat. An observation was 
also made in Chanthaburi Province, Eastern Thailand, which showed that the abandoned shrimp 
farms in Tha-Mai district, Chanthaburi can be naturally grown with wild seeds of mangroves. 
Their growth rate was found similar to the growth rate in the natural habitat.
DISCUSSION AND CONCLUSION
Hambrey (1996) proposed a method of classifying suitable area and unsuitable area for shrimp 
farms. Basic information on soil, land suitability and other existing data would be needed 
especially in areas where the potential for shrimp farming is high. Shrimp farming in such areas 
should be encouraged because of its economic importance. However, as has been recommended 
by the Department of Fisheries, farmers should construct their shrimp farms away from mangrove 
forests. Mangrove forests can serve as protection area from erosion and wetland treatment for 
shrimp farms effluents (Tookwinas. 1991). 
166  167
For effective environmental production, coastal areas should be zoned. Shrimp farms should 
not be located in productive mangrove areas (Tookwinas, 1996). As for the suitable location for 
shrimp farm with respect to mangrove forests, the following concerns should be considered:
1)   Mangrove areas are not be suitable for shrimp farms due to many problems as earlier 
discussed.
2)   Mangrove destruction in Thailand has been mainly done by human settlement and illegal 
occupation, and for this reason the Royal Thai Government has tried many mitigation 
programs to solve this problem.
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Mangrove replanting carried by representatives from NGOs and students (left) at Kung Krabean Bay 
Mangrove conversion in Thailand
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USE OF MANGROVES FOR AQUACULTURE: VIETNAM






Vietnam has a coastal line of 3600 km with a large wetland (tidal area) area of 600,000 ha 
(according to the survey statistics of the Institute of Planning and Economics under the Ministry 
of Fisheries), in which mangrove areas occupy a big part. Before the war, there were about 
400,000 ha of mangroves in Vietnam; the largest area located in the South of Vietnam (Mekong 
River Delta) mainly in Tra Vinh, Soc Trang and Minh Hai. Mangrove forest serves as buffer 
zone or as biological filter layer. Mangrove is not only a very important ecosystem for forestry 
and agriculture but plays a decisive role in exploitation, aquaculture and biodiversity yield. 
Mangrove forests of Vietnam, especially in the South of Vietnam has been the main source 
of livelihood for farmers and fishermen, for a long time, which until now still occupy a large 
proportion of the whole country.
During the wartime, chemical war destroyed the mangrove forests in Vietnam by 50%. Before 
the war, in order to develop forestry, agriculture and fisheries, a large area of mangrove has been 
used therefore up to now the forest extent has greatly diminished to 252,000 ha distributed in 
the four areas:
•    Northeast coastal area from Quang Ninh to Do Son – Hai Phong, with 46 mangroves
•    Bac Bo Delta Coastal Area, from Do Son Cape to north Lach Truong Cape, with 13 
mangroves.
•    Central Coast, from Lach Truong to Vung Tau Cape, with 28 mangroves.
•    South Coast, from Vung Tau Cape to Ha Tien, with 34 mangroves
Role of Mangrove in Fisheries Resources
Mangroves play an important role in the nutritional cycles of aquatic species, serving as source 
of organic matters to increase the yield of the coastal areas; and as the place for reproduction 
growth and a permanent shelter for many valuable sea products such as fish, shrimps, crabs, 
and mollusks. Mangroves provide food both directly (humus, fallen leaves and fruits) and 
indirectly (through humus-eating animals as preys) for big fishes and some other species of 
predators. Therefore, the composition of the fauna in the mangrove areas is very abundant and 
diversified. 
In the mangrove areas, fry of shrimps, crabs, and fish are very abundant. Comparing the 
composition of fishes and shrimps in the mangrove area, the sandy coastal areas with the areas 
with sea grass, the quantity of larvae in the first type of land is higher in all seasons of the year. 
Thus, mangroves are the main breeding ground for the larvae of shrimps, crabs and some other 
species of fish and oysters. Mangroves also provide the seed source for aquaculture because 
the larvae and post-larvae of many species, such as banana shrimps, crabs, oysters, fish, etc. 
live in mangrove areas.
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The tidal flats with mangroves are also the habitat of many species of water birds and migrant 
birds. The main food of these birds is certain small marine creatures (fish, shrimps, small crabs, 
shells, etc.). The birds excrete a considerable amount of feces, which facilitate the trees’ growth 
and increase the amount of organic matters as feed for aquatic creatures and benthos attracting 
many species to the area to search for food, forming a diversified ecosystem rich in species.
MANGROVE DEVELOPMENT AND PROTECTION
Reasons for deterioration of mangroves include:
•    Overexploitation
•    Conversion of mangrove areas to fisheries aquaculture
•    Conversion of mangrove areas to agricultural production
•    Mining activities
•    Urbanization
•    Construction of dykes, dams and roads
•    Lack of measures and means of education and propagation
The policy on mangroves protection and development
In order to maintain harmony between short-term and long-term benefits, exploitation and 
protection, various sectors (agriculture, forestry and fisheries) and the Vietnamese Government 
set up legislation framework, programs, and national projects with a view to protect, restore 
and rehabilitate mangroves such as Decrees, Circulars, Directives, policies of land and forest 
allocations; programs of restoring and rehabilitating protective forests in three provinces (Minh 
Hai, Soc Trang and Tra Vinh); the project on Forest Protected Area of Trang Chim – Minh Hai, 
Natural Forest (Cham Forest – Ca Mau); Projects on mangroves reforestation in Thai Binh, Nghe 
An, Ha Tinh; a number of research projects on ecosystem, biology and reforestation technology, 
social-economics in mangroves areas; and researches on the relationship between shrimp and 
mangroves. The later is done in order to formulate an appropriate model for mangrove – friendly 
shrimp culture. Research Centers on Mangrove Ecosystem have been established in Hanoi, 
Minh Hai and some provinces.
In defining the long-term strategy for sustainably conserving and utilizing the mangrove forests, 
the following strategies have been implemented by the Government:
•    Restoration of the protective forests, investing in new forests and reforestation of 
protective forests and destroyed forests.
•    Establishment of legislations on forest protection as well as management regulations 
for various ecosystems.
•    Establishment of a sustainable utilization-management model based on the relationship 
between mangrove forests and aquaculture and agriculture as well as the relationship 
between mangrove forests and near shore fisheries.
•    Organization of training, extension and information systems so as to raise the knowledge 
in the community.
• Establishment of a community based management system in the mangrove areas and 
socializing the protection activities.
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•    Setting up of scientific researches on forest recreation and development such as basic 
researches on trees, species and researches on technology of reforestation, aquaculture, 
exploitation, environment management and treatment, anti-pollution; etc.
•    Establishment  Protected Areas for birds, trees and fisheries aquatic resources.
LAWS, RULES, REGULATIONS ON MANGROVES
Legal framework for protection and development of mangroves and fisheries resources
•    The land law (1993, amended in 1999)
•    Law on the Forest Protection and Development (1992)
•    Law on Environmental Protection (1994)
•    Ordinance on Fisheries Resources Protection and Development (1989), which has 
been updated into the Fisheries Law which is expected to be approved by the National 
Assembly in the late of 2003.
•    The Decree 327 (1992 – 1993) and Decree 556 (1996 – 1997) of the Prime Minister for 
Regreening of Bare Lands
•    The Decree 776 providing infrastructure and planning support for allocating land for 
holdings establishment adjoining the coastal full protection zones.
•    24/10/1984- Decision 975 QPN 7/84 on the environment protection
•    Decision 246/HDBT dated 29/9/1985 on natural resources and environment 
protection
•    Article 5 of Law on Forest Protection stimulating the establishment of protected zones.
•    Directive 53/CT dated 24/9/1990 on the establishment of forests growing and protection 
including coastal areas and river mouth areas. Based on this, the Ministry of Forestry 
(now the Ministry of Agriculture and Rural Development) had issued notice 413/QD 
dated 18 /9/1992 on the program of growing 6000 ha of forests along the coastal line of 
Minh Hai.
•    4/1987, the Government issued notice on wetlands utilization in the whole country and 
announced 8 protected areas within the wetlands with the total area of 20,671 ha, of 
which Tram Chim has 9000 ha, Dat Mui 7547 ha and Vo Doi 3945 ha.
•    Directive 01/1998/CT of the Prime Minster banning destructive fishing instruments, 
including use of toxic chemicals, electric impulses, and dynamite.
•    Some provincial directives such as directive 19/CTUB dated 23/4/1984 on the 
implementation of the Decision 184/HDBT on the protection and declining use of 
mangrove forests.
Governmental Commitment on International Conventions, Treaties
•    20/1/1989, the Vietnamese Government officially became the member party of Ramsar 
Convention and put the Xuan Thuy Mangrove Island in the Ramsar list.
•    Biodiversity Convention
•    Convention on Climate Changes
•    CITES Convention
•    United Nations Convention on the Law of the Sea (UNCLOS)
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Government Strategies
•    The National Plan for Environment and Sustainable Development, 1991 – 2000
•    The national Biodiversity Action Plan (1995)
•    The Tropical Forest Action Plan (1992)
•    The National Program Number 327 for Implementation of the Decree 327.
•    The National Program Number 556 for Implementation of the Decree 556.
•    The National Program for Five Million Hectare Reforestation
•    The National Program on Offshore Fishing (1997)
•    The National Program on Aquaculture (1999)
Policy Recommendations
•    The Government should enact and implement certain rules to protect the environment 
and conserve the mangrove genetic resources (in laws, there should be certain articles 
stipulating the conservation of mangroves). these laws and rules should be in agreement 
with the international rules and regulations.
•    Simultaneously, certain guidelines should be provided for the exploitation and utilization 
of mangrove resources.
•    The government should enforce land use planning and development control; sustainable 
use of renewable resources and non-renewable resources; prevention of pollution, 
conservation of mangrove genetic resources, especially conservation of endangered 
species.
•    These regulations and sanctions must be effectively enforced; those that do not comply 
must be punished.
•    Investment should be made in family planning and improvement of the cultural 
educational background of coastal inhabitants so that they can be fully aware of the 
mangroves’ role in the country’s development.
Northeast coastal area from Quang Ninh
to Do Son-Hai Phong, 46 mangroves
Mangrove areas in Vietnam
South Coast, from Vung Tau Cape to Ha 
Tien, 34 Mangroves
Coastal Coast, from Lach Truong to 
Vung Tau Cape, 28 mangroves
Bas Bo Delta Coastal Area, from Son Cape to 
north Lach ruong Cape, 13 mangroves
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                          The Southeast Asian Fisheries Development Center (SEAFDEC), a regional treaty 
organization was established in December 1967 to promote fisheries development in the region. Its 
member countries are Brunei Darussalam, Cambodia, Indonesia, Japan, Lao People’s Democratic 
Republic, Malaysia, the Union of Myanmar, the Philippines, Singapore, Thailand, and the Socialist 
Republic of Vietnam. The Council of Directors who represents SEAFDEC Member Countries is the 
policy-making body of SEAFDEC.
SEAFDEC conducts research and development on appropriate fisheries technologies, trains fisheries 
and aquaculture technicians, and disseminate fisheries and aquaculture technologies. Four departments 
were established to pursue these objectives:
•    The Training Department (TD) in Samut Prakan, Thailand, established in 1967 for marine capture 
fisheries research and development
•    The Marine Fisheries Research Department (MFRD) in Singapore, established in 1967 for the 
development of fishery post-harvest technologies
•    The Aquaculture Department (AQD) in Iloilo, Philippines, established in 1973 for aquaculture 
research and development
•    The Marine Fishery Resources Development and Management Department (MFRDMD) in 
Kuala Terengganu, Malaysia, established in 1992 for the development and management of 
marine fishery resources in the exclusive economic zones of SEAFDEC Member Countries.
The SEAFDEC/AQD is mandated to: (1) promote and undertake aquaculture research that is relevant 
and appropriate for the region; (2) develop human resources for the region; and (3) disseminate and 
exchange information on aquaculture.
The Aquaculture Department in the Philippines maintains four stations: (1) the Tigbauan Main Station 
in Iloilo; (2) Dumangas Brackishwater Station also in Iloilo; (3) Igang Marine Station in Guimaras; and 
(4) Binangonan Freshwater Station in Rizal.
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Internat: http://td.seafdec.org
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The ASEAN-SEAFDEC Fisheries Consultative Group (FCG) was 
organized by ASEAN and SEAFDEC In March 1999 to (a) Identify 
important regional and international fisheries issues; (2) provide technical 
assistance and inputs to ASEAN for the formulation and implementation 
of common policies; (3) assist the Member Countries in formulating 
common stand and positions on regional and international fishery 
issues; and (4) develop and implement collaborative programs. The FCG 
comprises the Chairman and representatives of the ASEAN Working 
Group of Fisheries (WGFi), the SEAFDEC Secretary-General and his 
representatives, and the SEAFDEC Department Chiefs with the WGFi 
Chairman and SEAFDEC Secretary-General as Co-Chairpersons.
Included in the first four projects implemented through the FCG 
collaborative mechanism, is the Promotion of Mangrove-Friendly 
Aquaculture in Southeast Asian Countries with SEAFDEC/AQD as the 
Lead Department for SEAFDEC and Thailand as the Lead Country 
for the ASEAN.
